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FOREWORD 


The  Annual  Typhoon  Report  is  prepared 
by  the  staff  of  the  Joint  Typhoon  Warning 
Center  (JTWC) .  JTWC  is  a  combined  USAF/USN 
entity  operating  under  the  command  of  the 
U.  S.  Naval  Oceanography  Command  Center, 

Guam.  The  senior  Air  Force  Officer  assigned 
is  designated  as  Director,  JTWC  and  is  re¬ 
sponsible  to  the  Commanding  Officer,  U.  S. 
Naval  Oceanography  Command  Center,  Guam  for 
the  operation  of  the  JTWC.  The  senior 
Naval  Officer  of  the  JTWC  is  designated  as 
the  Deputy  Director /Operations  Officer.  The 
JTWC  was  established  by  CINCPACFLT  message 
28020 8Z  April  1959  when  directed  by  CINCPAC 
message  230233Z  April  1959.  Its  operation  is 
guided  by  the  CINCPACINST  3140.1  (series). 

The  Naval  Oceanography  Command  Center/ 
Joint  Typhoon  Warning  Center,  Guam  has  the 
responsibility  to:  , 

1.  Provide  continuous  meteoro¬ 
logical  watch  of  all  tropical  activity  north 
of  the  equator,  west  of  the  Date  Line,  and 
east  of  the  African  coast  (JTWC  area  of 
responsibility)  for  potential  tropical 
cyclone  development. 

2.  Provide  warnings  for  all  sig¬ 
nificant  tropical  cyclones  in  the  assigned 
area  of  responsibility. 

3.  Determine  tropical  cyclone 
reconnaissance  requirements  and  assign 
priorities. 


4.  Conduct  an  annual  post¬ 
analysis  of  all  tropical  cyclones  occurring 
within  the  JTWC  area  of  responsibility  and 
prepare  an  Annual  Typhoon  Report  for  issuance 
to  interested  agencies. 

5.  Conduct  tropical  cyclone  fore¬ 
casting  and  detection  research  as  practi¬ 
cable. 

In  the  event  of  incapacitation  of  the 
JTWC,  the  alternate  (AJTWC)  assumes  the 
responsibility  for  issuing  warnings.  The 
U.  S,  Naval  Western  Oceanography  Center, 

Pearl  Harbor,  Hawaii  is  designated  as  the 
AJTWC.  Assistance  in  determining  tropical 
cyclone  reconnaissance  requirements  and  in 
obtaining  reconnaissance  data  is  provided  by 
Detachment  4,  1st  Weather  wing,  Hickam  AFB, 
Hawaii . 

The  meteorological  services  of  the 
United  States  are  planning  to  implement  the 
metric  system  of  measurement  over  the  next 
few  years.  Some  civilian  and  military 
agencies  have  started  the  education  program 
by  showing  the  metric  equivalents  to  current 
units  of  measure.  This  Annual  Typhoon 
Report  includes  metric  equivalents  to  most 
measures . 

Unless  otherwise  stated,  all  satellite 
data  used  in  this  ATR  are  Air  Force  Air 
Weather  Service  DMSP  Data  as  acquired  by 
OL-C,  27CS  personnel  and  analyzed  by  Det  1, 
IWW  personnel  colocated  with  the  JTWC  at 
Nimitz  Hill,  Guam. 
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CHAPTER  I  -  OPERATIONAL  PROCEDURES 


1.  GENERAL 

Routine  services  provided  by  the  Joint 
Typhoon  Warning  Center  (JTWC)  include  the 
following:  (1)  Significant  Tropical  Weather 

Advisories  issued  daily  describing  all  tropi~ 
cal  disturbances  and  their  potential  for 
further  development;  (2)  Tropical  Cyclone 
Formation  Alerts  issued  whenever  interpre¬ 
tation  of  satellite  and  synoptic  data  indi¬ 
cates  likely  formation  of  a  significant 
tropical  cyclone;  (3)  Tropical  Cyclone  Warn¬ 
ings  issued  four  times  daily  for  significant 
tropical  cyclones;  and  (4)  Prognostic 
Reasoning  messages  issued  twice  daily  for 
tropical  storms  and  typhoons  in  the  Pacific 
area. 

JTWC  responds  to  changing  requirements 
of  activities  serviced.  Therefore,  contents 
of  routine  services  are  subject  to  change 
from  year  to  year  usually  as  a  result  of 
deliberations  at  the  Tropical  Cyclone 
Conference . 

2.  DATA  SOURCES 

a .  COMPUTER  PRODUCTS ; 

The  Naval  Oceanography  Command 
Center  (NAVOCEANCOMCEN)  Guam  provides  compu¬ 
terized  meteorological/oceanographic  products 
for  JTWC.  In  addition,  the  standard  array  of 
synoptic- sc ale  computer  analyses  and  prog¬ 
nostic  charts  are  available  from  the  Fleet 
Numerical  Oceanography  Center  (FLENUMOCEANCEN) 
at  Monterey,  California.  With  the  installa¬ 
tion  of  the  Naval  Environmental  Display 
Stations  (NEDS)  during  1978,  JTWC  now  has 
very  timely  access  to  necessary  FLENUMOCEANCEN 
products  and  is  thereby  able  to  more  efficient¬ 
ly  and  effectively  use  this  information. 

b.  CONVENTIONAL  DATA: 

Conventional  meteorological  data  are 
defined  as  surface  and  upper-air  observations 
from  island,  ship  and  land  stations  plus 
v;eather  observations  from  commercial  and 
military  aircraft  (AIREPS) .  Conventional 
data  charts  are  prepared  daily  at  OOOOZ  and 
1200Z  for  the  surface,  700  mb,  and  500  mb 
levels.  A  chart  of  upper-air  data  is  pre¬ 
pared  which  utilizes  200  mb  rawinsonde  data 
and  AIREPS  above  29,000  ft  within  6  hours  of 
the  00002  and  12002  synoptic  times. 

c.  AIRCRAFT  RECONNAISSANCE: 

Aircraft  weather  reconnaissance  data 
are  invaluable  in  the  positioning  of  centers 
of  developing  systems  and  essential  for  the 
accurate  determination  of  the  eye/center, 
maximum  intensity,  minimum  sea-level  pressure 
and  radius  of  significant  winds  exhibited  by 
tropical  cyclones.  Winds  and  pressure-height 
data  at  the  500  and/or  400  mb  level,  provided 
by  reconnaissance  aircraft  while  enroute  to, 
or  returning  from,  fix  missions,  are  also  used 
to  supplement  the  sparse  data  in  the  tropics 
and  subtropics.  These  data  are  plotted  on 
large-scale  sectional  charts  for  each  mission 
flown.  A  comprehensive  discussion  of  air¬ 
craft  weather  reconnaissance  is  presented  in 
Chapter  II. 


d.  SATELLITE  RECONNAISSANCE: 

Meteorological  satellite  data  from 
the  Defense  Meteorological  Satellite  Progreun 
(DMSP)  and  the  National  Oceanic  and  Atmo¬ 
spheric  Administration  played  a  major  role 
In  the  early  detection  and  tracking  of 
tropical  cyclones  in  1979.  A  discussion  of 
this  role  is  presented  in  Chapter  II. 

e.  RADAR  RECONNAISSANCE: 

During  1979,  as  in  recent  years, 
land  radar  coverage  was  utilized  extensively 
when  available.  Once  a  storm  moved  within 
the  range  of  a  land  radar  site,  reports  were 
usually  received  hourly.  Use  of  radar  dur¬ 
ing  1979  is  discussed  in  Chapter  II. 

3.  COMMUNICATIONS 

a.  JTWC  currently  has  access  to  three 
primary  communications  circuits: 

(1)  The  Automated  Digital  Network 
(AUTODIN)  is  used  for  dissemination  of  warn¬ 
ings  and  other  related  bulletins  to  Depart¬ 
ment  of  Defense  installations.  These 
messages  are  relayed  for  further  trans¬ 
mission  over  U.  S.  Navy  Fleet  Broadcasts, 

U.  s.  Coast  Guard  C^w  (continuous  wave  morse 
code)  and  voice  communications.  Inbound 
message  traffic  for  JTWC  is  received  via 
AUTODIN  addressed  to  NAVOCEANCOMCEN  GUAM. 

(2)  The  Air  Force  Automated  Weather 
Network  (AWN)  provides  weather  data  to  JTWC 
through  a  dedicated  circuit  from  the  auto¬ 
mated  digital  weather  switch  (ADWS)  at  Clark 
AB,  R.P.  The  ADWS  selects  and  routes  the 
large  volume  of  meteorological  reports  nec¬ 
essary  to  satisfy  JTWC  requirements  for  the 
right  data  at  the  right  time.  Weather  bull¬ 
etins  prepared  by  JTWC  are  inserted  into  the 
AWN  circuit  by  the  Nimitz  Hill  Naval  Tele¬ 
communications  Center  (NTCC)  of  the  Naval 
Communications  Area  Master  Station  Western 
Pacific. 

(3)  The  Naval  Environmental  Data 
Network  (NEDN)  provides  the  communications 
link  with  the  computers  at  FLENUMOCEANCEN. 
JTWC  is  able  to  both  receive  environmental 
data  from  FLENUMOCEANCEN  and  access  the 
computers  directly  to  run  various  programs. 

b.  Besides  providing  forecasters  with 
the  ability  to  rapidly  access  computer  pro¬ 
ducts,  the  NEDS  has  recently  become  the 
backbone  of  the  JTWC  communications  system. 
AUTODIN  and  AWN  message  tapes  can  now  be 
prepared  by  JTWC  personnel  for  insertion 
into  the  AUTODIN  and  AWN  circuits  by  the 
NTCC.  The  NEDS  is  also  used  by  the  TDO  to 
request  forecast  aids  which  are  processed  by 
the  computers  at  Monterey  and  transmitted 
back  to  the  TDO  over  the  NEDN  circuit. 

4.  ANALYSES 

A  composite  surface/gradient  level 
(3000  ft)  manual  analysis  is  accomplished  on 
the  OOOOZ  and  1200 Z  conventional  data. 
Analysis  of  the  wind  field  using  streamlines 
is  stressed  for  tropical  and  subtropical 
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regions.  Analysis  of  the  pressure  field  is 
stressed  for  higher  latitudes  and  in  the 
vicinity  of  tropical  cyclones. 

Manual  analysis  of  the  500  mb  level  is 
accomplished  on  the  OOOOZ  and  120 OZ  data. 
Although  the  analysis  of  the  500  mb  height 
field  is  stressed,  knowledge  of  the  wind 
field  to  more  clearly  delineate  steering 
currents  is  equally  important. 

A  composite  upper-tropospheric  manual 
analysis,  utilizing  rawinsonde  data  from 
300  mb  through  100  mb,  wind  directions  ex¬ 
tracted  from  Satellite  data  by  Det  1,  IWW 
and  AIREPS  (plus  or  minus  6  hours)  at  or 
above  29,000  feet  is  accomplished  on  OOOOZ 
and  1200Z  data  daily.  Wind  and  height  data 
are  used  to  arrive  at  a  representative 
analysis  of  tropical  cyclone  outflow  pat¬ 
terns,  of  steering  currents  and  of  areas 
that  may  indicate  tropical  cyclone  intensity 
change.  All  charts  are  hand  plotted  over 
areas  of  tropical  cyclone  activity  to  pro¬ 
vide  all  available  data  as  soon  as  possible 
to  the  TDO.  These  charts  are  augmented  by 
the  computer-plotted  charts  for  the  final 
analyses. 

Additional  sectional  charts  at  inter¬ 
mediate  synoptic  times  and  auxiliary  charts 
such  as  checkerboard  diagrams  and  pressure- 
change  charts  are  also  analyzed  during 
periods  of  significant  tropical  cyclone 
activity. 

5.  FORECAST  AIDS 

a.  CLIMATOLOGY: 

Climatological  publications  utilized 
during  the  1979  typhoon  season  include  pre¬ 
vious  JTWC  Annual  Typhoon  Reports  and  clima¬ 
tic  publications  from  local  sources.  Naval 
Environmental  Prediction  Research  Facility, 
Naval  Postgraduate  School,  Air  Weather 
Service,  First  Weather  Wing  and  Chanute 
Technical  Training  Center.  Publications  from 
other  Air  Force  and  Navy  activities,  various 
universities  and  foreign  countries  are  also 
used  by  the  JTWC. 

b.  OBJECTIVE  TECHNIQUES: 

The  following  objective  techniques 
were  employed  in  tropical  cyclone  forecasting 
during  1979,  A  description  of  these  tech¬ 
niques  is  presented  in  Chapter  IV. 

(1)  TYFN75  (Analog) 

(2)  MOHATT  (Steering) 

(3)  12  HR  EXTRAPOLATION 

(4)  CLIMATOLOGY 

(5)  HPAC  (Combined  extrapolation  and 
climatology) 

(6)  TROPICAL  CYCLONE  MODEL  (Dynamic) 

(7)  INJAH74  (Analog) 

(8)  CYCLOPS  (Steering) 

(9)  TYAN78  (Analog) 


6.  FORECASTING  PROCEDURES 

a.  INITIALIZATION: 

In  the  preparation  of  each  warning, 
the  actual  surface  location  (fix)  of  the 
tropical  cyclone  eye/center  just  prior  to 
(within  three  hours  of)  warning  time  is  of 
prime  importance.  JTWC  uses  the  Selective 
Reconnaissance  Program  (SRP)  to  levy  an 
optimum  mix  of  aircraft,  satellite  and  radar 
resources  to  obtain  fix  information.  When 
tropical  cyclones  are  either  poorly  defined 
or  the  actual  surface  location  cannot  be 
determined,  or  when  conflicting  fix  infor¬ 
mation  is  received,  the  "best  estimate"  of 
the  surface  location  is  subjectively  deter¬ 
mined  from  the  analysis  of  all  available 
data.  If  fix  data  are  not  available  due  to 
reconnaissance  platform  malfunctions  or 
communication  problems,  synoptic  data  or 
extrapolation  from  previous  fixes  are  used. 
The  initial  forecast  (warning  time)  position 
is  then  obtained  by  extrapolation  using  the 
current  fix  and  a  "best  track"  of  the 
cyclone  movement  to  date. 

b.  TRACK  FORECASTING: 

An  initial  forecast  track  is  devel¬ 
oped  based  on  the  previous  forecast  and  the 
objective  techniques.  This  initial  track 
is  Slab jectively  modified  based  on  the  fol¬ 
lowing  : 

(1)  The  prospects  for  recurvature 
are  evaluated.  This  evaluation  is  based 
primarily  on  present  and  forecast  position 
and  amplitude  of  middle  tropospheric  mid¬ 
latitude  troughs  from  the  latest  500  mb 
analysis  and  numerical  prognoses. 

(2)  Determination  of  steering  level 
is  partly  influenced  by  maturity  and  verti¬ 
cal  extent  of  the  system.  For  mature 
cyclones  located  south  of  the  500  mb  sub¬ 
tropical  ridge,  forecast  changes  in  speed  of 
movement  are  closely  correlated  with  forecast 
changes  in  the  intensity  of  the  ridge.  When 
steering  currents  are  very  weak,  the  tenden¬ 
cy  for  cyclones  to  move  northward  due  to 
their  internal  forces  is  an  important  con¬ 
sideration. 

(3)  The  proximity  of  the  tropical 
cyclone  to  other  tropical  cyclones  is 
evaluated  to  determine  if  there  is  a  possi¬ 
bility  of  Fujiwhara  interaction. 

(4)  Over  the  12-  to  7 2 -hr  forecast 
spectrum,  speed  of  movement  during  the  early 
time  frame  is  biased  toward  persistence 
(12-hr  extrapolation)  while  that  near  the 
end  of  the  time  frame  is  biased  towards 
objective  techniques  and  climatology. 

(5)  A  final  check  is  made  against 
climatology  to  determine  the  likelihood  of 
the  forecast  track.  If  the  forecast  devi¬ 
ates  greatly  from  climatology,  the  forecast 
rationale  is  reappraised  and  the  track  ad¬ 
justed  as  necessary. 
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C .  INTENSITY  FORECASTING : 

In  forecasting  intensity,  heavy 
reliance  is  placed  on  aircraft  reconnais¬ 
sance  reports,  the  Dvorak  satellite  inter¬ 
pretation  model,  wind  and  pressure  data  from 
ships  and  land  stations  in  the  vicinity  of 
the  cyclone,  and  the  objective  techniques. 
Additional  considerations  are  the  position 
and  intensity  of  the  tropical  upper-tropo¬ 
spheric  trough  (TUTT) ,  extent  and  intensity 
of  upper-level  outflow,  sea-surface  tempera¬ 
ture,  terrain  influences,  speed  of  movement 
and  proximity  to  an  extratropical  environ¬ 
ment. 

7.  WARNINGS 

Tropical  cyclone  warnings  are  issued  when 
a  definite  closed  circulation  is  evident  and 
maximum  sustained  wind  speeds  are  forecast  to 
increase  to  34  or  more  knots  within  48  hours, 
or  the  cyclone  is  in  such  a  position  that 
life  or  property  may  be  endangered  within  72 
hours.  Warnings  are  also  issued  in  other 
situations  if  it  is  determined  that  there  is 
a  need  to  alert  military  and  civil  interests 
to  conditions  which  may  become  hazardous  in 
a  short  period  of  time.  Each  tropical 
cyclone  warning  is  numbered  sequentially  and 
includes  the  initial  warning  time,  eye/center 
position,  intensity,  the  radial  extent  of  30, 
50  and  100  knot  surface  winds  (when  applic¬ 
able)  ,  the  levied  reconnaissance  platform 
used,  the  instantaneous  speed  and  direction 
of  movement  of  the  cyclone's  surface  center 
at  warning  time  and  the  forecast  information. 
The  forecast  intervals  for  all  tropical 
cyclones,  regardless  of  intensity,  are  12- , 
24-, '48-  and  72-hr.  Warnings  within  the 
JTWC  Pacific  area  are  issued  within  two  hours 
of  OOOOZ,  0600Z,  1200Z  and  1800Z  with  the 
constraint  that  two  consecutive  warnings  may 
not  be  more  than  seven  hours  apart.  Warnings 
in  the  JTWC  Indian  Ocean  area  are  issued 
within  two  hours  of  0200Z,  0800Z,  1400Z  and 
2000Z  with  the  constraint  that  two  consecu¬ 
tive  warnings  may  not  be  more  than  seven 
hours  apart.  These  variable  warning  times 
allow  for  maximum  use  of  all  available 
reconnaissance  platforms  and  more  effectively 
distribute  the  workload  in  multiple  cyclone 
situations.  If  warnings  are  discontinued  and 
a  cyclone  reintensifies,  warnings  are 
numbered  consecutively  from  the  last  warning 
issued.  Warning  forecast  positions  are 
verified  against  the  corresponding  post¬ 


analysis  "best  track"  positions.  A  summary 
of  the  verification  results  for  1979  is 
presented  in  Chapter  IV, 

8.  PROGNOSTIC  REASONING  MESSAGE 

In  the  Pacific  Area,  prognostic  reasoning 
messages  are  transmitted  based  on  the  OOOOZ 
and  120 OZ  warnings  or  whenever  the  previous 
reasoning  is  no  longer  valid.  This  plain 
language  message  is  intended  to  provide  users 
with  the  reasoning  behind  the  latest  JTWC 
forecast.  Prognostic  reasoning  messages  are 
not  prepared  for  tropical  depressions  nor 
for  cyclones  in  the  Indian  Ocean  area. 

For  the  1979  season,  JTWC  included  con¬ 
fidence  statements  for  the  24  and  48-hour 
forecasts.  The  confidence  valu.es  were  per¬ 
centage  probabilities  that  the  24-hour  fore¬ 
cast  position  error  would  be  less  than  100  nm 
and  less  than  150  nm,  respectively,  and  that 
the  48-hour  error  would  be  less  than  200  nm 
and  less  than  300  nm,  respectively.  These 
probabilities  were  based  on  objective  data 
from  error  analysis  studies  of  past  cyclones 
and  were  a  function  of  latitude,  longitude, 
storm  intensity,  organization  and  the  number 
of  western  Pacific  storms  in  existence- 

prognostic  reasoning  information  appli¬ 
cable  to  all  customers  is  provided  in  the 
remarks  section  of  warnings  when  significant 
forecast  changes  are  made  or  when  deemed 
appropriate  by  the  TDO, 

9.  SIGNIFICANT  TROPICAL  WEATHER  ADVISORY 

This  plain  language  message,  summarizing 
significant  weather  in  the  entire  JTWC  area 
of  responsibility,  is  issued  by  0600Z  daily. 
It  contains  a  detailed,  non-technical  des¬ 
cription  of  all  significant  tropical  distur¬ 
bances  and  the  JTWC  evaluation  of  potential 
for  significant  tropical  cyclone  development 
within  the  24-hour  forecast  period, 

10.  TROPICAL  CYCLONE  FORMATION  ALERT 

Alerts  are  issued  whenever  interpreta¬ 
tion  of  satellite  and  other  meteorological 
data  indicates  significant  tropical  cyclone 
formation  is  likely.  These  alerts  will 
specify  a  valid  period  not  to  exceed  24  hours 
and  must  either  be  cancelled,  reissued  or 
superseded  by  a  warning  prior  to  expiration 
of  the  valid  period. 
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CHAPTER  n 


RECONNAISSANCE  AND  FIXES 


1.  GENERAL 

The  Joint  Typhoon  Warning  Center  depends 
on  reconnaissance  to  provide  necessary, 
accurate  and  timely  meteorological  infor¬ 
mation  in  support  of  each  warning.  JTWC 
relies  primarily  on  three  sources  of  recon¬ 
naissance:  aircraft,  satellite  and  radar. 

Optimum  utilization  of  all  available  recon¬ 
naissance  resources  is  obtained  through  use 
of  the  Selective  Reconnaissance  Program  (SRP) 
whereby  various  factors  are  considered  in 
selecting  a  specific  reconnaissance  platform 
for  each  warning.  These  factors  include; 
cyclone  location  and  intensity,  reconnais¬ 
sance  platform  capabilities  and  limitations, 
and  the  cyclone’s  threat  to  life/property 
afloat  and  ashore.  A  summary  of  reconnais¬ 
sance  fixes  received  during  1979  is  included 
in  Section  6. 


2.  RECONNAISSANCE  AVAILABILITY 

a.  Aircraft: 

Aircraft  weather  reconnaissance  is 
performed  in  the  JTWC  area  of  responsibility 
by  the  54th  Weather  Reconnaissance  Squadron 
(54  WRS) .  The  squadron,  presently  equipped 
with  six  WC-130  aircraft,  is  located  at 
Andersen  Air  Force  Base,  Guam.  From  July 
through  October,  augmentation  by  the  53rd 
WRS  at  Keesler  Air  Force  Base,  Mississippi 
brings  the  total  number  of  available  aircraft 
to  nine.  The  JTWC  reconnaissance  require¬ 
ments  are  provided  daily  throughout  the  year 
to  the  Tropical  Cyclone  Aircraft  Reconnais¬ 
sance  Coordinator  (TCARC) .  These  require¬ 
ments  include  area(s)  to  be  investigated, 
tropical  cyclone (s)  to  be  fixed,  fix  times 
and  forecast  positions  of  fixes.  The  follow¬ 
ing  priorities  are  utilized  in  acquiring 
meteorological  data  from  aircraft,  satellite 
and  land-based  radar  in  accordance  with 
CINCPACINST  3140. IN: 

”  (1)  Investigative  flights  and  vor¬ 
tex  or  center  fixes  for  each  scheduled  warn¬ 
ing  in  the  Pacific  area  of  responsibility. 

One  aircraft  fix  per  day  of  each  cyclone  of 
tropical  storm  or  typhoon  intensity  is 
desirable. 

(2)  Center  or  vortex  fixes  for  each 
scheduled  warning  of  tropical  cyclones  in  the 
Indian  Ocean  Area  of  responsibility. 

<3)  Supplementary  fixes. 

(4)  Synoptic  data  acquisition.” 

As  in  previous  years,  aircraft  recon¬ 
naissance  provided  direct  measurements  of 
height,  temperature,  flight- level  winds,  sea 
level  pressure,  estimated  surface  winds  (when 
observable)  and  numerous  additional  jpara- 
meters.  The  meteorological  data  are  gathered 
by  the  Aerial  Reconnaissance  Weather  Officers 


(ARWO)  and  dropsonde  operators  of  Detachment 
4,  Hq  AWS  who  flew  with  the  54th.  These  data 
provide  l^e  Typhoon  Duty  Officer  (TDO)  indi¬ 
cations  of  changing  cyclone  characteristics , 
radius  of  cyclone  associated  winds,  and 
present  cyclone  position  and  intensity. 
Another  important  aspect  of  this  data  is  its 
availability  for  research  in  tropical  cyclone 
analysis  and  forecasting.  Aircraft  recon¬ 
naissance  will  become  even  more  important  in 
years  to  come  when  high-resolution  tropical 
cyclone  dynamic  steering  programs  will  re¬ 
quire  a  dense  input  of  wind  and  temperature 
data , 

b.  Satellite 

Satellite  fixes  from  USAF  ground 
sites  and  USN  ships  provide  day  and  night 
coverage  in  the  JTWC  area  of  responsibility. 
Interpretation  of  this  satellite  imagery  pro¬ 
vides  cyclone  positions  and  estimates  of 
storm  intensities  through  the  Dvorak  tech¬ 
nique  (for  daytime  passes) . 

Detachment  1,  1st  Weather  Wing, 
which  receives  and  processes  DMSP  data,  is 
the  primary  fix  site  for  the  northwestern 
Pacific,  DMSP  fix  positions  received 
at  JTWC  from  the  Air  Force  Global  Weather 
Central  (AFGWC) ,  Offutt  Air  Force  Base, 
Nebraska  were  the  major  source  of  satellite 
data  for  the  Indian  Ocean.  GOES  fixes  were 
also  provided  by  the  National  Environmental 
Satellite  Service,  Honolulu,  Hawaii  for 
tropical  cyclones  near  the  dateline, 

c .  Radar 

Land  radar  provides  positioning  data 
on  well  developed  cyclones  when  in  proximity 
(usually  within  175  nm  of  the  radar  site)  of 
the  Republic  of  the  Philippines,  Taiwan, 

Hong  Kong,  Japan,  the  Republic  of  Korea, 
Kwajalein,  and  Guam. 

d.  Synoptic 

In  1979,  the  JTWC  also  determined 
tropical  cyclone  positions  based  on  the 
analysis  of  the  surface/gradient  level 
synoptic  data.  These  positions  were  helpful 
in  situations  where  the  vertical  structure 
of  the  tropical  cyclone  was  weak  or  accurate 
surface  positions  from  aircraft  were  not 
available  due  to  flight  restrictions. 


3.  AIRCRAFT  RECONNAISSANCE  SUMMARY 

During  the  1979  tropical  season,  the 
JTWC  levied  289  six-ho\irly  vortex  fixes  and 
52  investigative  missions.  In  addition  to 
the  levied  vortex  fixes,  150  supplemental 
fixes  were  also  obtained.  The  number  of 
levied  investigative  missions  has  increased 
steadily  over  the  past  four  years  in 
response  to  JTWC's  increased  efforts  to 
detect  initial  tropical  cyclone  development. 
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Of  1979 »s  28  tropical  cyclones,  investiga¬ 
tive  missions  were  not  flown  on  four.  The 
average  vector  error  for  all  aircraft  fixes 
received  at  the  JTWC  during  1979  was  13.0  nm 
(24.1  km) . 


Reconnaissance  effectiveness  is  summa¬ 
rized  in  Table  2-1  using  the  criteria  as  set 
forth  in  CINCPACINST  3140. IN. 


■  TABLE  2-1.  AIRCRAFT  RECONNAISSANCE  EFFECTIVENESS  1 

EFFECTIVENESS 

NUMBER  OF 

PERCENT 

LEVIED  FIXES 

COMPLETED  ON  TIME 

258 

89.3 

EARLY 

2 

0.7 

LATE 

15 

5.2 

MISSED 

14 

4.8 

1  TOTAL  289 

100.0 

LEVIED  VS 

MISSED  FIXES 

LEVIED  MISSED 

PERCENT 

AVERAGE  1966-1970 

507  10 

2.0 

1971 

802  61 

7.6 

1972 

624  126 

20.2 

1973 

227  13 

5.7 

1974 

358  30 

8.4 

1975 

217  7 

3.2 

1976 

317  11 

3.5 

1977 

203  3 

1,5 

1978 

290  2 

0.7 

1979 

289  14 

4,8 

4.  SATELLITE  RECONNAISSANCE  SUMMARY 

The  Air  Force  provides  satellite  recon¬ 
naissance  support  to  JTWC  using  imagery  data 
from  DMSP  polar  orbiting  spacecraft.  Data 
from  similar  NOAA  spacecraft  (TIR0S-*N/N0AA-6) 
were  not  available  to  the  tactical  sites  of 
the  network  but  could  be  processed  on  a 
backup  basis  by  the  Air  Force  Global  VJeather 
Central  (AFGWC) . 

The  DMSP  network  consists  of  both  tacti¬ 
cal  and  centralized  facilities.  Tactical 
DMSP  sites  are  located  at  Nimitz  Hill,  Guam; 
Clark  AB,  Philippines;  Kadena  AB,  Japan; 

Osan  AB,  Korea;  and  Hickam  AFB,  Hawaii. 

These  sites  provide  a  combined  coverage  that 
blankets  the  JTWC  area  of  responsibility  in 
the  western  Pacific  from  near  the  dateline 
westward  to  the  Malay  Peninsula. 

The  centralized  member  of  the  DMSP 
network  is  the  Air  Force  Global  Weather 
Central  located  at  Offutt  AFB,  Nebraska. 
T^GWC  receives  worldwide  satellite  imagery 
coverage  four  times  daily  from  two  DMSP 
spacecraft.  In  addition,  AFGWC  has  the 
capability  to  process  either  TIROS-N  or 
NOAA-6  should  one  of  the  primary  DMSP  space¬ 
craft  fail.  Imagery  taken  over  the  JTWC 
area  of  responsibility  is  recorded  on  board 


the  spacecraft  and  later  dovml inked  to  AFGWC 
via  command/readout  sites  and  communications 
satellites.  With  their  coverage,  AFGWC  is 
able  to  fix  a  storm  anywhere  within  the  JTWC 
area  of  responsibility.  As  the  only  site  in 
the  network  that  receives  coverage  over  the 
entire  Indian  Ocean,  AFGWC  has  the  primary 
responsibility  for  satellite  reconnaissance 
in  this  area  as  well  as  a  small  portion  of 
the  central  Pacific  near  the  dateline.  On 
occasion,  AFGWC  is  tasked  to  provide  storm 
positions  in  the  western  Pacific  as  backup 
to  the  tactical  sites. 

The  thread  that  ties  the  network 
together  is  Det  1,  IWW  colocated  with  JTWC 
atop  Nimitz  Hill,  Guam.  Based  on  available 
satellite  coverage,  Det  1  coordinates  satel¬ 
lite  reconnaissance  requirements  with  JTWC 
and  tasks  the  individual  DMSP  sites  to 
provide  the  necessary  storm  fixes.  The 
tasking  concept  is  to  fix  every  storm  or 
tropical  disturbance  (alert  area)  once  from 
each  satellite  pass  over  the  area  of  the 
storm.  When  a  satellite  position  is  required 
as  the  basis  for  a  warning  (levy) ,  a  dual¬ 
site  tasking  concept  is  applied.  Under  this 
concept,  two  sites  are  tasked  to  fix  the 
storm  off  the  same  satellite  pass.  This 
provides  the  necessary  redundancy  to  vir¬ 
tually  guarantee  JTWC  a  successful  satellite 
fix  of  the  storm.  Using  the  dual-site 
tasking  concept,  the  satellite  reconnaissance 
network  was  able  to  meet  98  percent  of  JTWC*s 
satellite  fix  requirements.  Dual-site  task¬ 
ing  is  not  available  over  the  Indian  Ocean 
since  only  AFGWC  receives  the  satellite 
coverage  for  most  of  that  area. 

The  network  provides  JTWC  with  several 
products  and  services.  The  main  service  is 
one  of  surveillance.  With  the  exception  of 
Osan,  each  site  reviews  its  daily  coverage 
for  any  indications  of  development.  If  an 
area  shows  indications  of  development,  JTWC 
is  notified.  Once  JTWC  issues  either  an 
alert  or  warning,  the  network  is  tasked  to 
provide  three  products:  storm  positions, 
storm  intensity  estimates,  and  24-hour  storm 
intensity  forecasts.  Satellite  storm  posi¬ 
tions  are  assigned  position  code  numbers 
(PCN)  depending  on  the  availability  of 
geography  for  precise  gridding  and  the  degree 
of  organization  of  the  storm's  circulation 
center  (Table  2-2).  During  1979,  the  network 
provided  JTWC  with  1970  satellite  fixes  of 
tropical  cyclones  in  warning  status.  A 
comparison  of  those  fixes  made  on  numbered 
tropical  cyclones  with  their  corresponding 
JTWC  best  track  positions  is  shown  in  Table 


TABLE  2-2.  POSITION  CODE  NUMBERS 

PCN  METHOD  OF  CENTER  DETERMINATION /GRIPPING 

1  EYE/GEOGRAPHY 

2  EYE/EPHEMERIS 

3  WELL  DEFINED  CC/GEOGRAPHY 

4  WELL  DEFINED  CC/EPHEMERIS 

5  POORLY  DEFINED  CC/GE(X3RAPHY 

6  POORLY  DEFINED  CC/EPHEMERIS 

lCC=Circulation  Center 
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TABLE  2-3,  MEAN  DEVIATIONS  (NM)  OF  DMSP  DERIVED  TROPICAL 
CYCLONE  POSITIONS  FROM  JTWC  BEST  TRACK  POSITIONS. 
NUMBER  OF  CASES  SHOWN  IN  PARENTHESIS. 


WESTPAC 

WESTPAC 

INDIAN 

OCEAN 

1974-1978  AVERAGE 

1979 

1979 

PCN 

(ALL 

SITES) 

(ALL  1 

SITES) 

(ALL  S 

ITES) 

1 

13.3 

(178) 

14.4 

(268) 

13.5 

(  7) 

2 

18.5 

(  68) 

17.9 

(  61) 

23.1 

(  7) 

3 

21.2 

(270) 

18.6 

(341) 

23.4 

(16) 

4 

25.6 

(101) 

20.5 

(  70) 

18.0 

(  8) 

5 

37,1 

(368) 

37.8 

(605) 

34.1 

(22) 

6 

47.2 

(190) 

43.3 

(232) 

42.2 

(66) 

1&2 

14.8 

(246) 

15.0 

(329) 

18.3 

(14) 

3&4 

22.0 

(371) 

18.9 

(411) 

21.6 

(24) 

5&6 

40.6 

(558) 

39.4 

(837) 

40.2 

(88) 

2-3.  Estimates  of  the  storm's  current  and 
24-hour  forecast  intensity  are  made  once  each 
day  by  applying  the  Dvorak  technique  (NOAA 
Technical  Memorandum  NESS  45  as  revised)  to 
daylight  visual  data.  Satellite  derived 
storm  positions,  intensity  estimates,  and 
forecasts  constitute  the  satellite  portion 
of  the  JTWC  forecast  data  base. 

The  availability  of  satellite  data  varied 
during  the  year.  At  the  start,  the  network 
had  access  to  three  DMSP  spacecraft:  F-1 
(late-morning) ,  F-2  (mid-morning) ,  and  F-3 
(sunrise).  In  June,  a  fourth  DMSP  space¬ 
craft,  F-4,  was  launched  into  a  late  morning 
orbit.  The  network  had  access  to  these  four 
spacecraft  until  mid-September  when  F-1 
failed.  Three  months  later,  in  early 
December,  F-3  failed  reducing  the  active 
DMSP  fleet  to  only  two  spacecraft  with 
similar  mid-  to  late-morning  coverages.  The 
network  was  able  to  partially  compensate  for 
this  loss  by  depending  on  AFGWC  to  provide 
fixes  for  the  entire  network  based  on  its 
unique  ability  to  process  TIROS-N  as  a 
replacement  for  F-3.  Therefore,  the  1979 
season  ended  with  available  satellite 
coverage  at  its  lowest  point  for  the  entire 
year. 

Besides  the  network  provided  fixes,  JTWC 
also  receives  satellite-derived  storm 
positions  from  several  secondary  sources. 
These  include:  U.S.  Navy  ships  equipped  for 
satellite  direct  readout;  the  National 
Environmental  Satellite  Service  using  NOAA 
and  GOES  data;  and  the  Naval  Polar  Oceano¬ 
graphy  Center,  suit land,  Maryland  using 
stored  DMSP  and  NOAA  data.  Fixes  from  these 
secondary  sources  are  not  included  in  the 
network  statistics. 


5.  RADAR  RECONNAISSANCE  SUMMARY 

Sixteen  of  the  28  significant  tropical 
cyclones  occurring  over  the  western  North 
Pacific  during  1979  passed  within  range  of 
land  based  radars  with  sufficient  cloud 
pattern  organization  to  be  fixed.  The 
hourly  and  oftentimes,  half-hourly  land 
radar  fixes  that  were  obtained  and  trans¬ 
mitted  to  JTWC  totaled  1143. 

The  WMO  radar  code  defines  three  cate¬ 
gories  of  accuracy:  good  (within  10  km 
(5.4  nm) ) ,  fair  (within  10-30  km  (5.4-16.2 
nm) )  and  poor  (within  30-50  km  (16.2-27  nm) ) . 


This  year,  1139  radar  fixes  were  coded  in 
this  manner;  25%  were  good,  29%  fair  and  46% 
poor.  Compared  to  the  JTWC  best  track,  the 
mean  vector  deviation  for  land  radar  sites 
was  15  nm  (28  km). 

Of  the  16  tropical  cyclones  which  were 
monitored  with  land  radar,  11  were  typhoons: 
Alice,  Cecil,  Ellis,  Hope,  Irving,  Judy,  Mac, 
Owen,  Sarah,  Tip  and  Vera.  These  11  typhoons 
accounted  for  89%  of  all  radar  fixes  re¬ 
ceived  for  this  season.  Excellent  support 
through  timely  and  accurate  radar  fix  posi¬ 
tioning  allowed  JTWC  to  track  and  forecast 
tropical  cyclone  movement  through  even  the 
itKDSt  difficult  and  erratic  tracks. 

The  54  WRS  made  four  radar  center  fixes 
from  their  WC-130  aircraft  when  actual 
penetration  was  restricted.  One  ship  radar 
center  fix  was  received  on  Typhoon  Bess. 

No  radar  fixes  were  received  on  Indian  Ocean 
tropical  cyclones. 


6.  TROPICAL  CYCLONE  FIX  DATA 

A  total  of  3318  fixes  on  28  northwest 
Pacific  tropical  cylones  and  166  fixes  on 
7  northern  Indian  Ocean  tropical  cyclones 
were  received  at  JTWC.  Table  2-4,  Fix  Plat¬ 
form  Summary,  delineates  the  niunber  of  fixes 
per  platform  for  each  individual  tropical 
cyclone*  Season  totals  and  percentages  are 
also  indicated. 

Annex  B  lists  individual  fixes  sequen¬ 
tially  for  each  tropical  cyclone.  Fix  data 
is  divided  into  four  categories:  Satellite, 
Aircraft,  Radar  and  Synoptic.  Those  fixes 
labeled  with  an  asterisk  (*)  were  determined 
to  be  unrepresentative  of  the  surface  center 
and  were  not  used  in  determining  the  best 
tracks.  Within  each  category,  the  first 
three  columns  are  as  follows: 

FIX  NO.  -  Sequential  fix  niiraber 

TIME  (Z)  -  GMT  time  in  day,  hours  and 
minutes 

FIX  POSITION  -  Latitude  and  longitude  to 
the  nearest  tenth  of  a  degree 

Depending  upon  the  category,  the  remainder 
of  the  format  varies  as  follows; 
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TABLE  2-4.  FIX  SUMMARY  FOR  1979 

FIX  SUMMARY 


AIRCRAFT 

DMSP 

TIROS-N 

GOES  3 

RADAR 

SYNOPTIC 

TOTAL 

WESTERN  PACIFIC 

TY  ALICE 

43 

80 

5 

42 

170 

TY  BESS 

17 

47 

- 

- 

1* 

_ 

65 

TY  CECIL 

29 

87 

- 

- 

51 

_ 

167 

TS  DOT 

7 

71 

- 

- 

12 

3 

93 

TO  05 

- 

20 

- 

11 

2 

33 

TY  ELLIS 

12 

66 

- 

- 

14 

7 

99 

T$  FAYE 

14 

48 

- 

- 

- 

5 

67 

TD  08 

1 

29 

- 

- 

- 

7 

37 

ST  HOPE 

22 

78 

- 

- 

44 

1 

145 

TS  GORDON 

8 

40 

- 

- 

25 

- 

73 

TD  11 

6 

33 

- 

- 

- 

2 

41 

TY  IRVING 

25 

124 

- 

- 

148** 

- 

297 

ST  JUDY 

26 

140 

- 

- 

177 

2 

345 

TD  14 

3 

23 

- 

- 

- 

2 

28 

TS  KEN 

5 

41 

- 

- 

73 

- 

119 

TY  LOLA 

17 

63 

- 

- 

- 

80 

TY  MAC 

14 

86 

- 

- 

55*** 

- 

155 

TS  NANCY 

- 

33 

- 

- 

- 

15 

48 

TY  OWEN 

34 

87 

- 

- 

312 

8 

441 

TS  PAMELA 

5 

9 

- 

- 

- 

- 

14 

TS  ROGER 

6 

32 

- 

- 

6 

44 

TY  SARAH 

13 

112 

- 

- 

5 

4 

134 

ST  TIP 

59 

99 

- 

- 

109 

- 

267 

ST  VERA 

14 

54 

- 

- 

60*** 

9 

137 

TS  WAYNE 

11 

44 

- 

- 

- 

1 

56 

TD  26 

2 

n 

- 

- 

- 

1 

14 

TY  ABBY 

40 

66 

7 

- 

- 

3 

116 

TS  BEN 

4 

20 

2 

- 

7 

- 

33 

TOTAL 

437 

1643 

9 

5 

1146 

78 

3318 

%  OF  TOTAL 

13.1 

49.5 

.3 

.2 

34.6 

2.3 

100 

NO.  OF -FIXES 

DMSP 

TIROS-N 

SYNOPTIC 

TOTAL 

INDIAN  OCEAN 

TC  17-79 

28 

5 

. 

33 

TC  18-79 

16 

4 

5 

25 

TC  22-79 

8 

2 

2 

12 

TC  23-79 

30 

6 

1 

37 

TC  24-79 

19 

3 

- 

22 

TC  25-79 

17 

_ 

- 

17 

TC  .26-79 

20 

- 

- 

20 

TOTAL 

138 

20 

8 

166 

%  OF  TOTAL 

83 

13 

4 

100 

NO.  OF  FIXES 

*  SHIP  RADAR 

FIX 

**  INCLUDES  TWO  ACFT  RADAR 

FIXES 

***  INCLUDES  ONE  ACFT  RADAR  FIX 

a.  Satellite 

(1)  ACCRY  -  Position  Code  NiJinber 
(PCN)  (see  Sec*  5)  or  Confidence  (CONF)  numb¬ 
er  (see  table  2-5)  is  listed  depending  on 
method  used  to  determine  the  fix  position. 


1  TABLE  2-5. 

CONFIDENCE  (CONF)  NUMBERS  AS  A  FUNCTION  1 

OF  DVORAK  T  NUMBER  AND  RADIUS 
PROBABILITY  AREA  (NM). 

OF  90% 

■  tropical  cyclone 

1  INTENSITY 

CONF  (I) 

CONF  (2) 

CONF  (3) 

T1.5 

60 

120 

170 

T2.0 

60 

120 

170 

T2.5 

60 

120 

170 

T3.0 

50 

100 

150 

T3.5 

45 

90 

140 

T4.0 

45 

90 

140 

T4.5 

45 

90 

140 

T5.0 

40 

90 

130 

T5.5 

40 

80 

130 

T6.0 

40 

80 

130 

T6,5 

30 

70 

120 

T7.0 

30 

70 

120 

T7.5 

30 

60 

100 

T8.0 

30 

60 

100 

(2)  DVORAK  CODE  -  Intensity  evalua¬ 
tion  and  trend  utilizing  DMSP  visual  satel¬ 
lite  data.  (For  specifics  refer  to  NOAA  TM; 
NESS-45) 


J 


* 


i 

^  PLUS 


S'  ^ 
I  o*^ 

O  Si 

ir  I? 

D  ^ 


fuS 


!{)/{)  MINUS/S  (  )/(  )hrs 
LEAVE  W 


EXAMPLE:  T5/6  MINUS/ W1.5/24hrs. 


(3)  SAT  -  Specific  satellite  used 
for  fix  position  (DMSP  35,  36,  37  or  39, 
TIROS-N  or  Geostationary  Operational  Envi¬ 
ronmental  Satellite  (GOES,  135W) ) . 


(2)  700  MB  HGT  -  Minimum  height  of 
the  700  mb  pressure  surface  within  the  vor£ex 
recorded  in  meters . 

(3)  OBS  MSLP  -  If  the  surface  center 
can  be  visually  detected  (e.g.,  in  the  eye), 
the  minimiam  sea  level  pressure  is  obtained 

by  a  dropsonde  released  above  the  surface 
vortex  center.  If  the  fix  is  made  at  the 
1500-foot  level,  the  sea  level  pressure  is 
extrapolated  from  that  level. 

(4)  MAX-SFC-WND  -  The  maximum  sur¬ 
face  wind  (knots)  is  an  estimate  made  by  the 
ARWO  based  on  sea  state.  This  observation 
is  limited  to  the  region  of  the  flight  path, 
and  may  not  be  representative  of  the  entire 
cyclone.  Availability  of  data  is  also  de¬ 
pendent  upon  the  absence  of  undercast  condi¬ 
tions  and  the  presence  of  adequate  illumina¬ 
tion.  The  positions  of  the  maximum  flight 
level  wind  and  the  maximum  observed  surface 
wind  do  not  necessarily  coincide. 

(5)  MAX-FLT-LVL-WND  -  Wind  Speed 
(knots)  at  flight  level  is  measured  by  the 
AN/APN  147  doppler  radar  system  aboard  the 
WC-130  aircraft.  Values  entered  in  this 
category  represent  the  maximum  wind  measured 
prior  to  obtaining  a  scheduled  fix.  This 
measurement  may  not  represent  the  maximum 
flight  level  wind  associated  with  the  tropi¬ 
cal  cyclone  because  the  aircraft  only  sam¬ 
ples  those  portions  of  the  tropical  cyclone 
along  the  flight  path.  In  many  instances 
the  flight  path  may  be  through  the  weak 
sector  of  the  cyclone.  In  areas  of  heavy 
rainfall,  the  doppler  radar  may  track  energy 
reflected  from  precipitation  rather  than 
from  the  sea  surface;  thus  preventing  accu¬ 
rate  wind  speed  measurement.  In  obvious 
cases,  such  erroneous  wind  data  will  not  be 
reported.  In  addition,  the  doppler  radar 
system  on  the  WC-130  restricts  wind  measure¬ 
ments  to  drift  angles  less  than  or  equal  to 
27  degrees  if  the  wind  is  normal  to  the 
aircraft  heading. 

(6)  ACCRY  -  Fix  position  accuracy. 
Both  navigational  (OMEGA  and  LORAN)  and 
meteorological  (by  the  ARWO)  estimates  are 
given  in  nautical  miles, 

(7)  EYE  SHAPE  -  Geometrical  repre¬ 
sentation  of  the  eye  based  on  the  aircraft 
radar  presentation.  Reported  only  if  center 
is  50%  or  more  surrounded  by  wall  cloud. 

(8)  EYE  DIAM/ORIENTATION  -  Diameter 
of  the  eye  in  nautical  miles.  In  case  of  an 
elliptical  eye,  the  lengths  of  the  major  and 
minor  axes  and  the  orientation  of  the  major 
axis  are  respectively  listed. 

c .  Radar 


(4)  COMMENTS  -  For  explanation  of 
abbreviations  see  Appendix. 

(5)  SITE  -  ICAO  call  sign  of  the 
specific  satellite  tracking  station. 

b.  Aircraft 

(1)  FLT  LVL  -  The  constant  pressure 
surface  level,  in  mb,  maintained  during  the 
penetration.  700  mb  is  the  normal  level 
flown  in  developed  cyclones  due  to  turbulence 
factors  with  low-level  missions  flown  at 
1500  ft. 


(1)  RADAR  -  Specific  type  of  plat¬ 
form  utilized  for  fix  (land  radar  site, 
aircraft  or  ship) . 

(2)  ACCRY  -  Accuracy  of  fix  position 
(good,  fair  or  poor)  as  given  in  the  WMO 
ground  radar  weather  observation  code  (FM20- 
V)  . 

(3)  EYE  SHAPE  -  Geometrical  repre¬ 
sentation  of  the  eye  given  in  plain  language 
(circular,  elliptical,  etc.). 
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(4)  EYE  DIAM  -  Diameter  of  eye  given 
in  nautical  miles. 

(5)  RADOB  CODE  -  Taken  directly  from 
WMO  ground  weather  radar  observation  code 
FM20-V,  First  group  specifies  the  vortex 
parameters,  while  the  second  group  describes 
the  movement  of  the  vortex  center. 

(6)  RADAR  POSITION  -  Latitude  and 
longitude  of  tracking  station  given  in 
tenths  of  a  degree - 


(7)  SITE  -  WMO  station  number  of  the 
specific  tracking  station. 

d.  Synoptic 

(1)  INTENSITY  ESTIMATE  -  TDO>s  anal¬ 
ysis  of  low-level  synoptic  data  to  determine 
a  cyclone’s  maximum  sustained  surface  wind 
(knots) . 

(2)  NEAREST  DATA  -  Accuracy  of  fix 
based  on  distance  (nautical  miles)  from  the 
fix  position  to  the  nearest  synoptic  report 
or  to  the  average  distance  of  reports  in  data 
sparse  cases. 
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CHAPTERm  SUMMARY  OF  TROPICAL  CYCLONES 


1.  WESTERN  NORTH  PACIFIC  TROPICAL 
CYCLONES 

During  1979,  the  western  North  Pacific 
experienced  a  below  normal  year  of  tropical 
cyclone  activity  with  a  total  of  28  cyclones 
(Table  3-1) •  By  comparison,  1978  was  a  near 
normal  year  with  32  cyclones  and  1977  was  a 
near  record  low  year  with  a  total  of  21 
cyclones.  Five  significant  tropical  cyclones 
never  developed  beyond  tropical  depression 
(TD)  stage,  and  nine  developed  into  tropical 
storms  (TS) .  Of  the  14  cyclones  that  devel¬ 


oped  to  typhoon  (TY)  stage,  only  4  reached 
the  130  kt  (67  m/sec)  intensity  necessary  to 
be  classified  as  a  super  typhoon  (ST) .  This 
season,  beginning  with  Typhoon  Bess,  tropical 
cyclones  attaining  tropical  storm  strength 
or  greater  were  assigned  names  on  an  alter¬ 
nating  male/female  basis.  This  change  was  a 
result  of  the  1979  Tropical  Cyclone 
Conference,  and  the  list  of  names  can  be 
found  in  CINCPACINST  3140. IN  CH-1,  A  simi¬ 
lar  but  different  series  of  cyclone  names  is 
used  for  eastern  North  Pacific  and  North 
Atlantic  cyclones.  Each  tropical  cyclone's 


TABLE  3-1.  WESTERN  NORTH  PACIFIC 


1979  SIGNIFICANT  TROPICAL  CYCLONES 


CALENDAR 

MAX 

MIN 

NUMBER 

PERIOD 

DAYS  OF 

SFC 

OBS 

OF 

DISTANCE 

CYCLONE 

TYPE 

NAME 

OF  WARNING 

WARNING 

SLP 

WARNINGS 

TRAVELLED 

01 

TY 

ALICE 

01  JAN- 14  JAN 

14 

110 

930 

51 

2597 

02 

TY 

BESS 

20  MAR-25  MAR 

6 

90 

958 

21 

1804 

03 

TY 

CECIL 

11  APR-20  APR 

10 

80 

965 

40 

2535 

04 

TS 

DOT 

10  MAY-ie  MAY 

7 

40 

984 

24 

2876 

05 

TD 

TD-05 

23  MAY-24  MAY 

2 

30 

998 

6 

2170 

06 

TY 

ELLIS 

01  JUL-06  JUL 

6 

85 

955 

22 

1612 

07 

TS 

FAYE 

01  JUL-06  JUL 

6 

40 

998 

20 

1837 

08 

TD 

TD-08 

24  JUL-25  JUL 

2 

20 

1004 

5 

1264 

09 

ST 

HOPE 

27  JUL-03  AUG 

10 

130 

898 

33 

3928 

10 

TS 

GORDON 

26  JUL-29  JUL 

4 

60  . 

980 

13 

1058 

11 

TD 

TD-11 

03  AUG-06  AUG 

4 

25 

997 

14 

1088 

12 

TY 

IRVING 

09  AUG-18  AUG 

10 

90 

954 

38 

2732 

13 

ST 

JUDY 

16  AUG-26  AUG 

11 

135 

887 

39 

2502 

14 

TD 

TD-14 

18  AUG-20  AUG 

3 

20 

1006 

9 

605 

15 

TS 

KEN 

01  SEP-04  SEP 

5 

60 

985 

13 

1418 

16 

TY 

LOLA 

02  SEP-08  SEP 

7 

90 

950 

23 

1298 

77 

TY 

MAC 

15  SEP-24  SEP 

10 

70 

984 

35 

1831 

18 

TS 

NANCY 

19  SEP-22  SEP 

4 

45 

993 

14 

528 

19 

TY 

OWEN 

22  SEP-01  OCT 

10 

110 

918 

37 

2151 

20 

TS 

PAMELA 

25  SEP-26  SEP 

3 

45 

1002 

6 

984 

21 

TS 

ROGER 

03  OCT-07  OCT 

6 

45 

985 

16 

1920 

22 

TY 

SARAH 

04  OCT- 15  OCT 

12 

no 

929 

43 

1194 

23 

ST 

TIP 

05  OCT- 19  OCT 

16 

165 

870 

60 

3972 

24 

ST 

VERA 

02  NOV-07  NOV 

6 

140 

915 

23 

1868 

25 

TS 

WAYNE 

08  NOV- 13  NOV 

6 

50 

990 

22 

1559 

26 

TD 

TD-26 

01  DEC-02  DEC 

2 

30 

998 

6 

1070 

27 

TY 

ABBY 

01  DEC-14  DEC 

14 

no 

951 

52 

4044 

28 

TS 

BEN 

21  DEC-23  DEC 

3 

60 

990 

10 

2245 

1979  TOTALS  149*  695 

♦OVERLAPPING  DAYS  INCLUDED  ONLY  ONCE  IN  SUM. 
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maximum  surface  wind  (MAX  SPC  WND) ,  in  knots, 
and  minimum  observed  sea-level  pressure  (MIN 
OBS  SLP) ,  in  millibars,  were  obtained  from 
best  estimates  of  all  available  data.  The 
distance  travelled,  in  nautical  miles,  was 
calculated  from  the  JTVJC  official  best 
track  (see  Annex  A) . 


Table  3-2  provides  further  information 
on  the  monthly  distribution  of  tropical 
cyclones  and  statistics  on  Tropical  Cyclone 
Formation  Alerts  and  Warnings.  Even  though 
there  were  4  fewer  cyclones  this  season 
compared  to  last  season,  there  were  18  more 
warning  days. 


11 


13 


14 


•OcS^-i 


TYPHOON  ALICE  (01) 


Typhoon  Alice,  the  first  tropical  cyclone 
of  the  1979  season,  was  actually  first 
sighted  as  a  tropical  disturbance  on  the  27th 
of  December  1978.  Being  over  the  Gilbert 
Islands  quite  close  to  the  equator,  the  po¬ 
tential  for  development  was  considered  poor. 

A  tropical  cyclone  formation  alert  was  issued 
at  0300Z  1  January  1979  when  satellite  data 
showed  the  disturbance  progressively  increas¬ 
ing  in  organization.  Soon  after,  the  suspect 
area  accelerated  northwest  to  higher  lati¬ 
tudes  where  development  conditions  were  more 
favorable,  and  by  011800Z,  tropical  storm 
Alice  was  named.  Post-analysis  showed  that 
the  tropical  depression  stage  began  near 
OlOOOOZ  at  low  latitudes,  contrary  to  the 
general  rule  that  cyclones  do  not  form  close 
to  the  equator. 

Although  a  cl ima to logic ally  unfavored 
period  for  western  North  Pacific  tropical 
cyclone  development,  the  fact  that  Alice  did 
form  supports  the  non-existence  of  a  defini¬ 
tive  "typhoon  season"  for  WESTPAC;  tropical 
cyclones  are  possible  anytime  of  the  year. 

The  greatest  forecasting  difficulties  and 
concomitant  large  forecast  errors  occurred 
during  Alice’s  formative  and  dissipating 
stages.  Double  intensification  also  contri¬ 
buted  to  Alice’s  notoriety. 

Early  in  her  lifetime,  Alice  meandered 
through  the  Marshall  Islands  as  if  determined 
to  visit  each  island.  One  week  later,  on  12 
January  1979,  President  Carter  declared  the 
Marshall  Islands  a  major  disaster  area. 

A  satellite  reconnaissance  fix  at 
022133Z  showed  Alice  had  moved  northeastward 
when  forecast  to  continue  northwestward. 

Being  a  fix  on  a  poorly  defined  satellite 
image  (PCN  6) ,  it  was  not  taken  verbatim; 
northwest  movement  continued  to  be  forecast. 
An  aircraft  reconnaissance  fix  at  030053Z 
confirmed  the  earlier  satellite  fix  as  did  a 
follow-on  030310Z  aircraft  fix.  Post¬ 
analysis  revealed  that  a  mid-latitude,  short¬ 
wave  trough  passed  north  of  Alice  during 
this  time  period.  The  trough  extended  deep 
enough  into  the  tropics  to  weaken  the  mid- 
tropospheric  ridge.  This  weakness  permitted 
a  southward  intrusion  of  mid- latitude  west¬ 
erlies  into  Alice’s  vicinity,  temporarily 
steering  her  northeastward.  As  the  short¬ 
wave  trough  continued  eastward,  the  sub¬ 
tropical  ridge  quickly  reestablished  itself 
north  of  Alice  producing  strong  easterly 
steering  flow,  temporarily  accelerating  her 
from  4  to  10  kt  (8  to  19  km/hr)  toward  the 
northwest  when  continued  northeast  movement 
was  forecast.  During  this  time,  decision 
makers  on  Enewetak  (also  within  the  Marshall 
Islands) ,  noting  the  low  forecast  confidence 
stated  on  prognostic  reasoning  messages,  kept 
a  condition  of  readiness  which  paid  off. 

From  the  6th  to  the  11th,  Alice  traveled 
due  west.  On  the  8th,  Alice  attained  110  kt 
(57m/sec)  intensity  and  simultaneously  accel¬ 
erated  to  a  speed  of  14  kt  (26  km/hr)  (the 
fastest  observed  along  track) ,  whereupon  she 
began  weakening  slowly. 

During  the  9th,  Alice  began  an  unexpected 
northward  movement  trend  and  showed  further 
weakening.  Post-analysis  of  low-level  synop¬ 


tic  data  and  satellite  imagery  (Fig.  3-01-2) 
indicated  that  an  approaching  frontal  shear¬ 
line  was  the  responsible  agent.  The  shear¬ 
line  began  interacting  with  Alice  while  she 
was  southeast  of  Guam.  As  Alice  neared  Guam, 
radar  data  from  Andersen  AFB  and  aircraft 
data  indicated  that  Alice's  previously  well- 
defined  wall  cloud  became  larger  and  somewhat 
less  organized.  Cooler,  drier  air  north  of 
the  shear- line  was  likely  responsible  for 
this  weakening  trend.  A  weakness  in  the  sub¬ 
tropical  ridge  vertically  above  the  shear- 
line  apparently  allowed  for  Alice ’ s  northward 
deviation. 

The  most  unusual  portion  of  Alice's  track 
occurred  during  the  final  3  days  of  Alice's 
life.  Based  on  interpretation  of  PE  progs, 
the  subtropical  ridge  was  expected  to  persist 
and  maintain  Alice  in  the  easterlies.  As  a 
result,  the  JTWC  forecasts  (supported  by  the 
majority  of  objective  forecast  aids)  indicat¬ 
ed  westward  movement  until  120000Z,  18  hours 
after  Alice  had  actually  begun  tracking 
northwestward.  The  subtropical  ridge  weak¬ 
ened  in  response  to  a  long-wave  trough  deep¬ 
ening  over  eastern  Asia.  Easterly  steering 
currents  in  Alice’s  vicinity  diminished  and 
veered  in  direction,  permitting  a  more  north¬ 
ward  track.  Alice  reached  a  secondary  in¬ 
tensity  maximum  of  lOQ  kt  (51  m/sec)  during 
this  period  due  to  her  slowing  in  speed  of 
movement,  the  increased  absolute  vorticity 
of  higher  latitudes  and  good  outflow  aloft. 

By  the  13th,  Alice  turned  northeastward 
and  began  weakening  rapidly.  The  subtropical 
ridge  was  now  completely  severed  and  upper - 
air  westerlies  were  shearing  Alice  signifi¬ 
cantly  in  the  vertical.  Close  proximity  of 
yet  another  frontal  shear-line  contributed 
to  further  weakening.  The  biggest  surprise, 
however,  came  when  Alice’s  low-level  circu¬ 
lation  turned  almost  180  degrees  back  toward 
the  west  at  about  131200 Z  under  the  influence 
of  strong,  low-level  easterlies  and  weakened 
rapidly  in  the  strong,  vertical-shear  envi¬ 
ronment.  As  a  result  of  vertical  decoupling, 
Alice  as  a  shallow  depression,  dissipated 
during  the  following  12-hour  period. 


HGURt  3-OI-t.  Typhoon  ALict  mejig^ng  vxith  thz 
t/LoUUng  znd  oi  a  ifioinXat  9  Tamaxy  1979, 

0054Z,  {VMS?  Zmagexy) 
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TYPHOON  BESS  (02) 


Since  1959,  only  three  typhoons  have 
developed  over  the  Western  Pacific  in  March* 
Of  these  three,  only  Bess  developed  in  the 
last  decade  with  Typhoon  Tess  developing  in 
1961  and  Typhoon  Sally  in  1967.  Tropical 
cyclone  development  in  March  is  usually  in¬ 
hibited  by  a  southward  adjustment  in  the  sub¬ 
tropical  ridge  axis.  Although  not  recognized 
in  advance,  Typhoon  Bess'  development  paral¬ 
leled  Typhoon  Tess,  which  developed  in  the 
eastern  Caroline  Islands  and  reached  tropical 
depression  strength  near  Woleai  Atoll.  Con¬ 
tinuing  northwestward  between  Guam  and  Yap, 
both  recurved  northward  near  135E  (Fig.  3-02- 
1)  before  dissipating  north  of  20N  under  the 
influence  of  a  strong  vertical  shear. 


FIGUI^E  3-02-T,  Typhoon  tnaclUng  noAthot&Mm/id 
beXwzen  Guam  and  Vap  at  S  kt  {75  km/h/i),  27  MoAch 
7979,  07032^  SateZtite,  tmageAy  captu/ud  tncAexUted 
oAgaiujzatton  tn  the.  conve.cttvz  banding  jtut  pAioA  to 
Aeacking  tAoptazZ  6toAm  inten6tty, 

(PA(SP  tmageAy] 


Synoptic  data  at  160000Z  suggested  the 
existence  of  a  weak  surface  circulation  near 
3. ON  152. 5E  at  the  base  of  a  wave  in  the 
easterly  flow.  Satellite  imagery  at  160119Z 
indicated  that  an  ill-defined  area  of  convec¬ 
tion  existed  near  the  surface  circulation. 

By  161109Z,  however,  increased  upper-level 
organization  suggested  development  of  a  weak 
200  mb  anticyclone  (Fig.  3-02-2).  Increased 
curvature  in  the  mid-level  convective  cloud 
pattern  hinted  at  the  possibility  of  tropical 
cyclone  formation.  As  often  observed  in  weak 


developing  systems,  162207Z  satellite  imagery 
showed  a  significant  decrease  in  the  mid-  to 
upper-level  convective  organization,  while 
the  synoptic  analysis  continued  to  support  a 
weak  circulation  southeast  of  Guam,  Contin¬ 
uing  to  pulsate,  the  suspect  area  presented 
a  curious,  but  intensified  upper-level  con¬ 
vective  pattern  on  172151Z  and  172333Z  satel¬ 
lite  imagery.  Synoptic  analysis  at  180000Z 
indicated  that,  in  addition  to  the  circula¬ 
tion  near  3.5N  147. 5E,  a  secondary  low  had 
developed  on  the  slow  moving  wave  axis  near 
7, IN  150. OE  and  that  the  earlier  ill-defined 
convection  had  been  associated  with  these  two 
circulations.  As  this  secondary  low  tracked 
northward  up  the  wave  axis,  increased  cyclon- 


FIGt/RE  3-02-2,  In^AaAe,d  imagery  veAy  ejoJiby 
development  ^tage,  oi  SeM,  76  MoAch  1979,  17092, 
StAzamtine  patteAn  indicates  an  uppeA-tevel  anti¬ 
cyclone,  A  ,6uA^ace  (uAculation  had  not  yet 
developed,  {PMSP  IjnageAy] 


ic  shear  between  strong  easterly  flow  north 
of  the  wave  and  weak  equatorial  westerlies 
south  of  the  wave  caused  the  northern  circu¬ 
lation  to  become  the  dominant  center  as  the 
initial  low  weakened.  Simultaneously,  the 
upper- level  anticyclone  intensified,  produc¬ 
ing  an  excellent  outflow  signature  on  182315Z 
satellite  imagery  (Fig.  3-02-3) .  Although  a 
formation  alert  issued  based  on  182315Z 
satellite  imagery,  continued  rapid  develop¬ 
ment  did  not  occur  as  expected.  Aircraft 
data  at  2002 59 Z  found  strong  enhanced  easter¬ 
ly  flow  of  20-30  kt  (10-15  m/sec)  to  the 
northeast,  but  only  weak  cyclonic  flow  to  the 
south  and  east.  Aircraft  reports  finally 
confirmed  tropical  storm  strength  early  on 
the  21st  (Fig.  3-02-4) ,  five  days  after  Bess 
was  initially  observed. 
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FIGURE  3-02-3.  In^AcUied  ^ge/u/  Tt/phoon  S&64 
dcxfeZoping  undz^  good  uppVi-t&Jtt  ouX^tou)  u^tixih.  ^ 
o^lbtQ.  ifiom  tko.  ^outh.2jOL&t  though,  tkn  noAthu)£^t, 
JS  MoAch  7979,  23152,  IVMS?  MnageA^} 


Sea  Surface  Temperature  (SST)  plays  a 
vital  role  in  the  development  and  maintenance 
of  tropical  cyclones,  A  study  by  Charles  P. 
Guard  (1979)  indicates  that  tropical  cyclones 
which  move  over  water  cooler  than  26C  are 
less  likely  to  intensify  due  to  a  reduction 
in  latent  heat.  The  study  further  states 
that  tropical  cyclones  which  develop  prior  to 
June  intensify  up  to  10  kt  (5  m/sec)  after 
recurvature.  This  intensification/  if  exper¬ 
ienced,  will  occur  within  the  12-24  hour 
period  following  recurvature.  Typhoon  Bess 
followed  this  recurvature  pattern.  The  axis 
of  recurvature  was  crossed  at  230000Z.  Slow 
intensification  occurred  over  the  next  18 
hours  with  Bess  reaching  her  maximum  inten¬ 
sity  of  90  kt  (46  m/sec)  at  231800Z,  Bess 
maintained  90  kt  (46  m/sec)  for  18  hours  and 
then  rapidly  weakened,  dissipating  by 
250000Z,  SST  analyses  during  24-27  March 
(Fig,  3-02-5)  indicate  that  the  area  in 
which  Bess  weakened  from  90-60  kt  (46-31  m/ 
sec)  in  a  six-hour  period  corresponds  closely 
to  the  location  of  water  cooler  than  26C. 

The  reduction  of  latent  heat  input,  coupled 
with  increased  vertical  shear  produced  by 
strong  westerlies  aloft,  literally  sheared 
Bess  apart  during  the  final  12-18  hours. 


FIGCfRE  3-02-4.  Typhoon.  ja&t  pAyCoA.  to  ACdcking 
hcA  maxunom  tntenstty  o^  90  kt  (46  m/4ec),  23 
1979  0235Z,  BC-&4  dUptay^  a  txovg<L  alUjptLaxt 

uUth  ^tAong  acicUmZ.  ctAALLS  out^toio  tn  oZt  diAzctiovUi , 
(DMSP  Ajnag^y] 
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FIGURE  3-02-5.  Compo-6^e  -suA^ace  tempeMtuAe. 

anaZy6U  ^Kom  24-27  Mcytc/i  1979.  NoKhiexL6:(2AXXJid  tM/Kik 
oi  Typhoon  Bm  duA^  du^^citcon  Atage  ^  ZncUcaXed 
by  a  doAhcd  tine  uuXh  12-houA  poA^uUonA. 
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TYPHOON  CECIL  (03) 


Typhoon  Cecil,  the  first  tropical 
cyclone  of  1979  in  the  Northwest  Pacific 
given  a  male  name,  generated  in  mid-April 
from  an  easterly  wave  over  the  Philippine 
Sea,  Cecil  was  forecast  very  well  while  on  a 
climatological  west-northwest  track  toward 
the  central  Philippines,  Overall,  post-anal¬ 
ysis  statistics  showed  that  mean  forecast 
errors  were  better  than  long-term  averages. 
Nevertheless,  JTWC  warnings  failed  to  fore¬ 
cast  the  crucial  recurvature  point  in  Cecil ' s 
track.  Was  there  sufficient  evidence  to 
forecast  this  recurvature  24-48  hours  in 
advance? 

Post-analysis  showed  that  recurvature 
occurred  36  hours  after  the  151200Z  best 
track  position.  Satellite  imagery  (Fig.  3- 
03-1)  located  Cecil  just  south  of  Samar.  At 
this  time,  the  500  mb  subtropical  ridge  axis 
was  at  17N  with  a  small  high  pressure  cell  - 
located  over  Northern  Luzon.  The  500  mb  36- 
hour  PE  prog  maintained  the  ridge.  Steering 
techniques  based  on  this  synoptic  situation 
indicated  westward  movement  for  72  hours. 
Analog  techniques  indicated  west-northwest¬ 
ward  movement.  As  a  matter  of  fact,  no 
objective  forecast  technique  indicated  re¬ 
curvature  prior  to  entrance  into  the  South 
China  Sea.  The  climatological  average  loca¬ 
tion  of  the  500  mb  ridge  axis  is  along  15N 
for  April  over  the  Philippines  and  the  clima¬ 
tological  recurvature  point  is  15-17N,  Both 


3-05- L  Jn^AoAed  AjmageAy  Typhoon  CzcaZ 
56  kouJih  pftiofL  to  ^e.CiiA.vatuAz  uHth  mcouMtm  4>u&t£Unzd 
0^  80  kt  (41  m/6zc] ,  15  Ap^UZ  1979,  12Z5Z, 
(PMSP  imagery) 


synoptic  and  climatological  data  indicated  a 
west- northwestward  track  over  the  Philippines 
with  recurvature  late  in  the  forecast  period 
in  the  South  China  Sea  as  Cecil  tracked  to 
the  vicinity  of  15N.  Post-analysis,  however, 
revealed  that  the  ridge  axis  east  of  the 
Philippines  abruptly  shifted  south  between 
161200Z  and  170000Z  with  westerly  winds  in¬ 
truding  far  to  the  south  over  the  South  China 
Sea.  This  pattern  shift  caused  Cecil  to 
recurve  much  earlier  than  anticipated.  With¬ 
in  48  hours,  Cecil  was  well  east  of  Luzon 
(Fig.  3-03-2) ,  The  ridge  axis  shift  was  the 
vital  piece  of  information  not  present  in 
any  of  the  available  prognostic  tools.  Thus, 
it  appears  even  in  post-analysis  that  fore¬ 
casting  of  Cecil's  recurvature  36  hours  in 
advance  was  beyond  state-of-the-art 
capabilities . 


FIGURE  5-05~Z,  CzcaZ  kzqjjJvjoJOjJiz  viith 

miXAMm  AuMtaJjKLd  w-oicts  oi  50  kt  [26 
19  ApKit  1979,  00142.  IPMSP  tmgzAy] 
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tropical  ST0RI4  DOT  (04) 


Tropical  Storm  Dot  did  not  reach  tropical 
storm  strength  prior  to  landfall  on  the 
Philippine  Islands  (Fig.  3-04-1).  Once  Dot 
crossed  the  islands,  tropical  storm  strength 
was  attained  lasting,  however,  less  than  24 
hours  (Fig.  3-04-2).  Dot's  development  was 
cut  short  by  the  eventual  frictional  effects 
of  Luzon  and  increasing  vertical  wind  shear 
aloft. 


TS  Dot  slowly  formed  in  an  area  of  broad, 
low-level  easterlies,  high  surface  pressures, 
and  strong  upper-level  shear.  The  conditions 
for  significant  tropical  cyclone  development 
were  poor  while  the  system  existed  east  of 
the  Philippine  Islands.  After  crossing  the 
Philippines,  however.  Dot  reached  tropical 
storm  strength  while  over  the  South  China 


FIGtiRE  3-04-?.  TA^opZcal  Stem  Vot  at  SO  kt  (75  m/^ec) 
Mitzn6tty  wkitz  ovzA  noAtheAjj  fiOtdanao.  7  7  Mau  7979, 
00292.  (VMS?  tmagcAi/} 


FIGURE  3-04-Z.  TnjapXjuaJi  Stom  Vot  wkiZo,  k^xuujioIyiq 
\toujaAd  Mayuta,  12  May  7979,  2353Z.  {VMS?  tmagexy) 
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MONSOON/TROPICAL  DEPRESSION  (05) 


Early  season  disturbances  in  the  South 
China  Sea,  as  discussed  by  Ramage  (1971) ,  may 
develop  as  a  result  of  active  monsoon  troughs 
which  extend  eastward  across  Southeast  Asia 
into  the  South  China  Sea  (SCS) ,  During  late 
May,  increased  convergence  in  the  enhanced 
southwest  monsoon  flow  produced  a  significant 
increase  in  convection  across  the  SCS,  and 
several  weak  surface  circulations  were  noted 
along  the  monsoon  trough  between  Hainan 
Island  and  northern  Luzon.  Surface/gradient 
level  synoptic  analysis  at  170000Z  confirmed 
the  existence  of  an  elongated  pressure  trough 
with  several  1005  mb  centers.  The  main  cir¬ 
culation,  located  northeast  of  the  Paracel 
Islands,  was  actually  north  of  the  main  con¬ 
vective  area  which  covered  most  of  the  SCS 
south  of  the  trough.  Characteristics  of  SCS 
monsoon  depressions  include:  strong  enhanced 
southwesterly  flow  with  light  winds  near  the 
depression  center;  large  areas  Of  convection 
associated  with  convergence  in  the  south¬ 
westerly  flow  with  little  curvature  in 
towards  the  center;  a  relatively  flat  surface 
pressure  regime  of  large  areal  extent;  and, 
a  mid-tropospheric  cyclonic  circulation  over 
the  area  (Ramage,  1971) .  These  conditions 
were  observed  in  this  area. 


Initially,  TD  05  drifted  southwestward 
east  of  the  Paracel  Islands.  By  20000.0Z  a 
slow,  eastward- tracking  500  mb  short-wave 
over  central  China  caused  TD  05  to  accelerate 
northeastward.  As  TD  05  accelerated, 
increased  cyclonic  shear  at  the  surface 
southeast  of  Taiwan  caused  the  system  to 
transition  from  a  monsoon  depression  to  a 
tropical  depression  with  a  small  anticyclonic 
outflow  center  evident  aloft.  (Many  SCS  mon¬ 
soon  depressions  never  make  this  transition, 
usually  dissipating  after  3-4  days.)  Totally 
divorced  from  the  monsoon  trough,  TD  05 
tracked  eastward  through  the  Bashi  Channel 
and  then  along  the  remnants  of  a  weak  frontal 
boundary.  TD  05  was  not  forecast  to  intensi¬ 
fy  significantly,  but  it  merged  with  an 
extratropical  frontal  boundary  near  22. ON 
124. 8E  and  produced  an  improved  satellite 
signature  at  230018Z  (Fig.  3-05-1)  which  in¬ 
cluded  a  banding-type  eye.  (Banding-type 
eyes  are  usually  characteristic  of  more 
intense  tropical  cyclones.)  Synoptic  analy¬ 
ses  during  the  life  of  TD  05  never  indicated 
an  intensity  above  30  kt  (15  m/sec) .  The 
lowest  pressure  recorded  was  998  mb  measured 
by  a  ship  close  to  the  circulation  center. 
This  pressure  equates  to  approximately  32  kt 
(17  m/sec)  (Atkinson  and  Holliday,  1975) . 


FIGUkE  3-05-T.  TV  OS  at  30  kt  [15  mMet]  tntznAUy 
fAUtk  'boindlifiQ-typ^  Q,yt  movtng  e/ut-noAthea^tukVcd  at 
to  kt  [37  kxn/hA],  23  May  1979,  OOUZ.  (VMS?  tma^ZAy) 
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TYPHOON  ELLIS  (06) 


The  tropical  disturbance,  which  later 
became  Typhoon  Ellis,  was  first  noted  on 
satellite  and  synoptic  data  on  25  June  1979, 
The  surface/gradient- level  analysis  showed 
that  a  broad  monsoon  trough  had  developed 
between  Guam  and  the  Philippine  Islands,  At 
upper- levels,  a  Tropical  Upper  Tropospheric 
Trough  (TUTT)  was  oriented  northeast- 
southwest  between  the  Volcano  Islands  and 
the  central  Philippine  Islands.  This  TUTT 
allowed  excellent  upper-level  outflow  to  the 
northeast  and  was  expected  to  induce  inten¬ 
sification  of  the  tropical  disturbance 
southeast  of  the  TUTT  axis.  Therefore,  a 
Tropical  Cyclone  Formation  Alert  (TCFA)  was 
issued  for  the  area  valid  at  27 00 00 Z. 

However,  significant  development  did  not 
occur.  Reconnaissance  aircraft  could  find 
only  a  very  broad  surface  circulation  with 
relatively  high  surface  pressures*  The 
surface  circulation  drifted  under  the  TUTT 
and  the  associated  convection  was  suppressed; 
development  was  thereby  thwarted.  Based  on 
the  superposition  of  the  TUTT  and  the  surface 
circulation  and  the  fact  that  the  overall 
satellite  signature  had  not  improved,  the 
TCFA  was  cancelled  at  282000Z. 

The  area  was  closely  monitored,  and  when 
satellite  imagery  showed  increased  convec¬ 
tive  development  and  surface  data  showed 
decreasing  pressures  and  increasing  winds,  a 
second  TCFA  was  issued  valid  at  3C0600Z, 
Subsequent  aircraft  investigation  revealed  a 
minimum  sea- level  pressure  of  1000  mb  and 
surface  winds  in  excess  of  35  kt  (18  m/sec). 
Based  on  this  new  information,  the  first 
warning  on  TS  Ellis  was  issued  at  OlOOOOZ 
July.  Ellis  was  in  a  favorable  position  at 
that  time  and  steady  intensification  occurred 
over  the  next  2  days. 


FIGt/RE  3-06-?.  Typhoon  BttU  cut  mXJumwm 

^inten&AXy  S5  kt  {44  mU^c],  Z  Juty  1979^  2356Z. 
75  Tayz  {^Ught}  dtveZoplng  noAth  Woteat. 
IVMSP  ^age/Ly) 


For  his  entire  lifetime,  Ellis  followed 
an  uncomplicated,  classic  west-northwest 
track  at  near  climatological  speeds  ranging 
from  9-14  kt  (17-26  km/hr) .  Post-analysis 
indicates  that  Ellis  was  moving  under  the 
influence  of  the  east-southeasterly  steering 
flow  on  the  southern  edge  of  the  subtropical 
mid-tropospheric  ridge,  Ellis'  nearly 
straight  track  is  due  primarily  to  the  fact 
that  this  ridge  did  not  change  in  intensity 
or  orientation  during  the  period . 

Ellis  reached  typhoon  strength  at 
0212002  and  a  maximum  intensity  of  85  kt 
(44  m/sec)  at  030000Z  (Fig.  3-06-1).  Con¬ 
tinued  intensification  was  anticipated,  but 
a  slow  weakening  trend  was  actually 
observed.  As  with  Tropical  Storm  Faye,  this 
weakening  was  associated  with  a  drastic 
change  in  the  upper-level  flow  pattern. 

During  Ellis'  developing  stage,  the  TUTT 
was  located  to  the  north-northwest  and  was 
providing  the  necessary  outflow  channel  to 
the  northeast.  By  0200002,  however,  an 
upper-level  anticyclone  over  central  China 
began  to  ridge  eastward,  forcing  the  TUTT  to 
the  northeast.  Strong  upper-level  north¬ 
easterly  winds  associated  with  this  anti¬ 
cyclone  began  to  exert  pressure  on  Ellis, 
shearing  the  convective  activity  to  the 
southwest.  Continuing  west-northwest  in 
this  shearing  environment,  Ellis  weakened 
steadily.  By  the  time  he  was  in  the  South 
China  Sea,  Ellis  had  weakened  to  tropical 
storm  strength  and  was  a  completely  exposed 
low-level  circulation  (Fig,  3-06-2). 

With  winds  of  54  kt  (26  m/sec) ,  Ellis 
made  landfall  on  the  Chinese  coast  at 
06 0000 Z,  164  nm  (296  km)  southwest  of  Hong 
Kong  and  dissipated  rapidly  over  land  there¬ 
after. 


FIGURE  3-06-2.  Tnoptcjat  StoAm  tZJUji  OA  an  zxpo^ed 
touhtcvet  ctfLcutatcon  in  tko.  Sovutk  China.  Seu,  5  July 
1979,  OlflIZ.  (PMSP  imgviy  ifiom  Pet  5,  dank 
A8,  RP} 
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TROPICAL  STORM  PAYE  (07) 


FIGURE  3-07-U  UppeA-lzvel  ^tMjzxmJUno.  analu^U  oJt 
02QQ001  July  1979. 


Tropical  Storm  Faye  proved  a  most  inter¬ 
esting  case  study,  not  because  it  developed 
into  an  intense  tropical  cyclone,  but  because 
typhoon  intensity  was  not  attained  as  fore¬ 
cast. 

TD  07  was  first  analyzed  as  a  closed 
surface  circulation  about  800  nm  (1482  km) 
southeast  of  Guam  on  the  28th  of  June.  The 
associated  convective  activity  remained  dis¬ 
organized  until  011200Z  July.  At  that  time  a 
TUTT  cell  developed  north  of  the  system; 
thereby  providing  an  excellent  upper- level 
outflow  channel  to  the  northeast  (Fig.  3-07- 
1).  The  wind  data  plotted  in  figures  3-07-1, 
-3  and  -5  are  a  combination  of  RAOBS,  AIREPS 
and  satellite-derived  winds  for  the  250  mb  to 
150  mb  levels. 

Diffluence  over  TD  07  was  extensive  and 
well-defined.  The  satellite  signature  also 
showed  improved  outflow  (Fig.  3-07-2) ,  and 
further  intensification  was  expected. 


FKtURE  3-07-2.  The.  tKop^lcaZ  that  locu  to 

become  TS  F^u/e,  02  July  1979,  00222.  [VfJiS?  tmayeAy) 
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The  flow  pattern  over  the  depression, 

(TD  07)  remained  favorable  for  development 
for  the  next  two  days  and  tropical  storm 
intensity  was  reached  by  031800Z.  Continued 
intensification  was  still  anticipated  with 
typhoon  strength  forecast  within  18  hours. 

Instead  of  intensification^  however, 

Faye  weakened.  Post-analysis  shows  that 
Faye*s  weakening,  and  subsequent  dissipation, 
was  linked  to  a  radical  change  in  the  upper - 
level  flow  pattern.  Whereas  figure  3-07-1 
shows  a  tropical  cyclone  in  excellent  posi¬ 
tion  for  intensification,  figure  3-07-3  shows 
just  the  opposite.  By  051200Z,  a  large 
upper- level  anticyclone  over  China  was  begin¬ 
ning  to  build  southeastward  into  the  western 
Pacific  toward  Faye.  Faye*s  outflow  channel 
to  the  north  became  restricted  and  her  low- 
level  circulation  center  became  exposed 
(Fig.  3-07-4) .  The  mid-  to  upper-level 
centers  and  the  associated  convection  were 
sheared  off  to  the  southwest  by  increased 
northeasterly  winds  at  the  upper- levels. 


FTGORE  3-07-4.  TV  07  [TAVE] ,  05  July  1979,  12021, 
StAjong  uppiA-lcveZ  nofith&ci&tQALic6  feave  begun  to 
the.  convection  to  the  ^outhweit, 

IVMSP  ImageAy,  Moonlight  i/i6ual} 
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FTGt/RE  3-07-5.  UppzA-lzvzZ  At^ownline,  analuM  aZ 
0612002  July  1979, 


Displacement  between  surface  and  upper- 
level  centers  was  observed  often  during  the 
1979  season  (e.g.,  see  discussions  on  Hope, 
Irving,  Ellis) .  Development  is  usually 
arrested  in  this  situation,  until  the  system 
becomes  aligned  in  the  vertical.  In  the  case 
of  TS  Faye,  the  upper-level  pattern  failed  to 
improve.  Figure  3-07-5  shows  that  by  0612002 
the  upper-level  ridge  had  intruded  as  far 
east  as  Guam  and  that  northeast  winds  aloft 
had  increased  to  50  kt  (26  m/sec) .  At  that 
time,  Faye's  low-level  circulation  was  fully 
exposed  (Fig.  3-07-6). 

This  exposed  low-level  circulation 
meandered  northwestward  for  two  days  and 
eventually  dissipated  northeast  of  Luzon. 

The  short  history  of  Tropical  Storm  Faye 
is  an  excellent  example  of  premature  dissipa¬ 
tion  induced  by  strong  vertical  wind  shear. 


mm 


FIGURE  3-07-6.  TP  07  (FAyE)  U  now  a  iaW/  ixpoizd 
low-level  cAAdulaZlon,  06  July  1979,  1B1BZ, 

(t?MSP  Imagexy,  Moonlight  Ol&ual] 
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TROPICAL  DEPRESSION  08 


For  the  greater  part  of  its  life,  TD  08 
was  an  exposed  low-level  circulation  with 
the  major  convective  activity  detached  to 
the  north  of  the  surface  center 
(Fig,  3-08-1),  Aircraft  reconnaissance 
confirmed  an  exposed  surface  circulation 
approximately  100  nm  (185  km)  south  of  the 
convective  center  at  241016Z. 

TD  08  was  not  expected  to  intensify  to 


tropical  storm  strength  as  a  result  of 
strong  vertical  shear  which  began  on  2312002 
However,  initial  warnings  were  issued  based 
on  the  forecast  track  which  indicated 
passage  directly  over  Okinawa. 

Post-analysis  indicated  that  the  calm- 
wind  center  did  indeed  track  over  Okinawa 
with  most  of  the  convective  activity  track¬ 
ing  well  north  of  the  island. 


FIGURE  3-OS-T.  imoQViy  o£  TV  OS  at  maxtmm 

AjUm&tty  o£  20  kt  (37  m/iec),  24  Jaty  T979,  I244Z. 
TD  0S\^  24)2001  4u/t^ace  i^]  t6  dzptctcd 

nzaitcve.  to  -ikcp  ^epo>Lts  (  — \)  and  700  mb 

alnoAait  fLzpont^  ( ) .  (VMSP  tmaQVLy] 


35 


jJjf:  1 04 


■ 


LEGEND 

06  HOUR  BEST  TRACK  POSIT 
A  SPEED  OF  MOVEMENT 
B  INTENSITY 

C  POSITION  AT  XX/OOOOZ 
ooo  TROPICAL  DISTURBANCE 
•  ••  TROPICAL  DEPRESSION 

- TROPICAL  STORM 

TYPHOON 

SUPER  TYPHOON  START 
SUPER  TYPHOON  END 
EXTRATROPICAL 
DISSIPATING  STAGE 
FIRST  WARNING  ISSUED 
LAST  WARNING  ISSUED 


SUPER  TYPHOON  HOPE  (09) 


The  disturbance  which  eventually 
developed  into  the  first  super  typhoon  of 
1979  became  evident  on  satellite  imagery  at 
2500 OOZ  July  as  a  focal  point  of  cumulus 
banding.  Future  intensification  was  indi¬ 
cated  as  the  disturbance  was  situated  within 
an  area  of  strong  upper- level  diffluence  as¬ 
sociated  with  the  southern  periphery  of  an 
east-west  oriented  TUTT.  This  outflow  mech¬ 
anism  aloft,  combined  with  an  improved  satel¬ 
lite  signature,  dictated  issuance  of  a 
Tropical  Cyclone  Formation  Alert  at  2507512; 
the  alert  box  described  an  area  southwest  of 
Guam.  Subsequent  aircraft  reconnaissance  at 
250900Z  described  a  cyclonic  circulation  with 
wind  speeds  of  15-25  kt  (8-10  m/sec)  and  a 
central  pressure  of  1004  mb  centered  near 
11. IN  144. 5E.  Based  on  this  aircraft  data 
and  the  proximity  to  Guam,  the  first  warning 
on  TD  09  (Hope)  was  issued  at  251200Z, 

From  the  25th  through  the  26th  of  July, 
while  TD  09  (Hope)  tracked  to  the  west- 
northwest,  the  TUTT  axis  shifted  northward 
and  strong  upper-level  northeast  flow  domi¬ 
nated  the  area.  The  resultant  shear  produced 
by  this  uni-directional  upper-level  flow 
displaced  the  convective  activity  to  the 
southwest  of  the  surface  circulation,  indi¬ 
cating  a  loss  of  vertical  alignment  and  sub¬ 
sequent  weakening.  By  270600Z,  the  center  of 
the  convective  activity  was  displaced  120  nm 
(222  km)  southwest  of  the  low-level  circula¬ 
tion  center.  Surface  analyses,  at  this  time, 
indicated  the  southwest  monsoonal  flow  was 
being  channeled  principally  into  Tropical 
Storm  Gordon  located  750  nm  (1389  km)  to  the 
northwest  of  TD  09  (Hope) ♦  With  further 
weakening  of  Hope  expected,  a  final  warning 
was  issued  at  270451Z  advising  that  the  area 
would  be  closely  monitored  for  possible 


regeneration.  Post-analysis  showed  that  from 
271200Z  through  2800002,  the  TUTT  weakened 
with  resultant  reduced  shear  over  TD  09 
(Hope) .  Conditions  for  development  being 
improved,  reorganization  took  place  and  TD  09 
began  to  develop.  Unfortunately,  the  improve- 
inent  in  the  surface  circulation  went  un¬ 
noticed  as  it  occurred  during  the  night  when 
only  infrared  satellite  imagery,  on  which 
low-level  clouds  are  difficult  to  distin¬ 
guish,  was  available.  An  aircraft  investi¬ 
gation  on  the  morning  of  the  28th  reported  a 
surface  pressure  of  999  mb  with  45-50  kt 
(23-27  m/sec)  winds  in  the  heavy  convective 
activity  to  the  southwest  of  the  surface 
center.  A  warning  was  issued  at  2802212 
indicating  the  regeneration  of  TD  09  (Hope) . 

By  280000Z,  Tropical  Storm  Gordon  had 
moved  into  the  Luzon  Straits .  Due  to  the 
orographic  blocking  of  the  Philippine  land 
mass,  the  majority  of  the  strong  southwest 
monsoonal  flow  was  diverted  into  Hope.  This 
increased  low-level  inflow  coupled  with 
decreasing  upper-level  shear  resulted  in  a 
much  improved  vertical  structure  with  feeder- 
band  activity  developing  in  the  south; 

282052Z  aircraft  reconnaissance  supported 
this  improved  organization  trend.  Post¬ 
analysis  indicates  that  TD  09  (Hope)  could 
have  been  upgraded  to  tropical  storm  intensi¬ 
ty  12-24  hours  prior  to  the  warning  upgrade 
at  290000Z,  as  35-45  kt  (18-23  m/sec)  winds 
were  reported  in  feederband  activity  as  much 
as  24  hours  earlier  (Fig.  3-09-1) .  By 
290920Z,  a  well-defined  eye  with  a  central 
surface  pressure  of  972  mb  and  65-70  kt 
(33-36  m/sec)  surface  winds  were  reported  by 
aircraft  data;  the  291200Z  warning  upgraded 
Hope  to  a  typhoon. 


FIGURE  3-09-1.  Hope  at  t/Loplaat  stoJm  tnten&AXy  570  m  {1056  fern]  noM^t  Guam,  29  Jwty  7979  02191, 

TfioptcxU  StoAm  Gordon  [l&it]  l6  100  m  {1S5  km)  ejCi6t  oi  Hong  Kong,  (DSKSP  tmgeAjy)  * 


The  291200Z  200  mb  analysis  indicated 
the  TUTT  had  again  established  itself  north 
of  Hope.  Due  to  the  east-west  orientation  of 
the  TUTT,  strong  westerly  flow  along  its 
southern  periphery  enhanced  Hope*s  upper- 
level  anticyclonic  outflow.  Aircraft  recon¬ 
naissance  at  292031Z  indicated  a  sharp 
decrease  in  surface  pressure  to  961  mb  with 
the  temperature/dewpoint  data  correlating  to 
an  equivalent  potential  temperature  (0^)  of 
359K.  An  empirically  derived  forecast  aid 
that  relates  pressure  and  0^  indicates  that 
once  the  traces  intersect,  rapid  intensifica¬ 
tion  can  be  expected  within  18-30  hours  (Fig. 
3-09-2) ,  The  intensification  equates  to  a 
possible  mean  pressure  decrease  of  44  mb  and 
a  mean  wind  speed  increase  of  50-60  kt  (26- 
30  m/sec) .  Typhoon  Hope  verified  this  study 
36  hours  after  the  intersection  occurred; 
reconnaissance  aircraft  reported  a  surface 
pressure  of  898  mb  and  wind  speeds  of  100- 
120  kt  (51-62  m/sec).  By  311200Z,  Hope 
attained  super  typhoon  intensity  of  130  kt 
(67  m/sec)  (Fig,  3-09-3) . 


FIGURE  3-09-3.  >0mgeAs/  Hope  ju6t  a^teA 

attcUrUng  iupeA  typhoon  130  kt 

{67  mAec],  31  July  1979,  12442.  {VMS?  mageAy] 
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Hope  entered  the  Luzon  Straits  approxi¬ 
mately  4  days  after  Tropical  Storm  Gordon. 
Hope ' s  compact  wind  structure  and  a  slight 
weakening  trend  were  noted  as  Heng  Chun  (WMO 
46752)  on  the  southern  tip  of  Taiwan  reported 
sustained  winds  of  40  kt  (21  m/sec)  with 
gusts  to  86  kt  (44  m/sec)  at  OllOOOZ  as  Hope 
passed  45  nm  (83  km)  south  of  the  station. 

Two  persons  on  the  Batanes  Islands  and  one 
person  on  Taiwan  were  killed  as  a  result  of 
the  torrential  rainfall  experienced  as  Hope 
tracked  through  the  Luzon  Straits. 

Typhoon  Hope  made  landfall  less  than 
10  nm  (19  km)  north  of  Hong  Kong  at  0205302 
(Pig.  3-09-4)  with  maximum  sustained  winds 
of  70  kt  (36  m/sec)  and  gusts  to  110  kt  (57 
m/sec)  reported.  Figure  3-09-5  is  a  time 
sequence  of  the  surface  observations  received 
from  the  Royal  Observatory  of  Hong  Kong 
during  Hope’s  passage.  Extensive  wind  and 
rain  damage,  3  deaths  and  over  258  injuries 
were  reported.  Damage  to  shipping  within 
Kong  Kong  harbor  was  heavy  as  17  ships  broke 
their  moorings  and  8  ships  collided. 

Subsequent  to  passage  over  Hong  Kong, 
Hope  moved  into  southern  China  and  weakened. 
The  final  warning  was  issued  at  030111Z  down¬ 
grading  Hope  to  tropical  storm  intensity. 
Hope’s  uncomplicated  northwest  track  after 
development  into  a  typhoon  resulted  in  mini¬ 
mal  right-angle  track  errors  with  her  unex¬ 
pected  acceleration  accounting  for  the 
majority  of  the  discrepancy. 

Although  weakening  considerably  during 
passage  over  southeast  Asia,  Hope  did  main¬ 
tain  a  satellite  signature  and  exited  into 
the  northern  Bay  of  Bengal  110  nm  (204  km) 
southeast  of  Dacca,  Pakistan  at  060500Z. 


fJGURE  3-09-4.  Typhoon  Wope  aX  100  kt  [SI 

3  koafu  pntofi  to  poAyit  oi  appioaoh 

to  Hong  Kong,'  1  kxjgott  1979,  02472,  [VMSP  ^agety] 

Strengthened  once  again  by  pre-existing 
strong  southwest  monsoonal  flow,  Hope  rein¬ 
tensified  from  070000Z  through  071800Z  with 
maximum  sustained  winds  of  35  kt  (18  m/sec) 
reported  on  071200Z  surface  analysis.  A 
tropical  cyclone  warning  was  not  issued  due 
to  Hope’s  proximity  to  land  and  her  expected 
movement  into  northeastern  India  within  12 
hours,  Hope,  however,  was  discussed  at 
length  in  the  Significant  Tropical  Weather 
Advisory  (ABEH  PGTW) . 
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TROPICAL  STORM  GORDON  (10) 


Gordon,  the  10th  significant  tropical 
cyclone  of  1979,  developed  in  late  July  in 
the  monsoon  trough  near  20N-135E  and  even¬ 
tually  made  landfall  east-northeast  of  Hong 
Kong.  A  stronger  sister,  Hope  (TD  09) ,  fol¬ 
lowed  Gordon  several  days  later  on  a  similar 
track  into  Hong  Kong.  Note  that  TD  09  (Hope) 
and  TD  10  (Gordon)  are  alphabetically  out  of 
sequence  because  TD  10  was  upgraded  to  tropi¬ 
cal  storm  stage  before  TD  09. 

Post-analysis  revealed  that  Gordon 
reached  tropical  storm  intensity  at  the  time 
of  the  first  warning.  CINCPACINST  3140. IN, 
section  2.5,1.,  paragraph  b  states  that  warn¬ 
ings  will  be  issued  when  "maximum  sustained 
wind  speeds  are  forecast  to  increase  to  34  or 
more  knots  within  48  hours."  In  this  case, 
there  was  no  lead  time  between  the  first 
warning  and  tropical  storm  stage.  Figures 
3-10-1  and  3-10-2  illustrate  why  this 
occurred.  TD  10  developed  rapidly  within  the 
22-hour  time  period  between  these  figures. 
Synoptic  data  indicated  increasing  southwest 
monsoon  flow  into  the  area  during  this 
period;  yet  no  definitive  surface  circulation 
could  be  located.  The  most  significant  find¬ 
ing  of  the  post-analysis  was  that  Gordon 
could  not  be  traced  back  48  hours  prior  to 
the  first  warning  from  available  synoptic  and 
satellite  data,  and,  therefore,  falls  into 
the  category  of  a  rapid  developing  system. 


Gordon’s  track  took  an  unexpected  jog 
northwestward  while  passing  south  of  Taiwan 
(Fig.  3-10-3) .  (Typhoon  Hope  took  a  similar, 
but  less  pronounced,  jog.)  This  northward 
adjustment  is  historically  evident  from 
tropical  cyclones  that  pass  south  of  Taiwan. 
The  influence  of  Taiwan’s  high  mountain 
range  is  thought  to  be  responsible.  As 
tropical  cyclones  pass  south  of  Taiwan,  they 
induce  lee- side  troughing  west  of  the  moun¬ 
tains  over  the  Formosa  Strait  and  track 
northwestward  in  response. 


FTGLJRE  5-lO~U  Topical  Sto^  Gordon  Xn  ^^ancy 
4  kouA6  pfiloK  to  bdAjiQ  dii coined  on  tht  SlyntitcRYit 
'JfioptcjaJi  WojOitkQA  Advt^oKy  (ABEH  P(?TW), 

25  July  J979,  07572.  {VMS?  tmageAy] 


FIGURE  3~T0-2.  Tfioplail  Stonm  Go^on  22  hou/i&  a^tzA 
VlguAe.  3-70-7  ^kouilng  -oic/ieoacd  deuefopmcKit, 

25  July  7979,  2350Z.  A  TAjOptcal  Cyclone.  Fo/unotcon 
AleAt  wci&  Is-iiuzd  6  kouAA  pnloA  to  tki&  turn, 

IVMSP  ImageAy] 


FIGURE  3-70-3.  Kaohitung  AodoA.  pAc&entatlon  o^ 
GoAdon  at  2S21032  a{tzA  pca/iinQ  60utk  Todotin. 
[VhotogAaph  couAtz6y  oi  the.  CcntAoZ  d^'eatkcA  BuAeau, 
Taipei^  TaisAxm, ) 
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TROPICAL  DEPRESSION  11 


FIGURE  3-I?-K  XKop^al  Vzpfi^Uon  11  at  20  kt  [10  m/^ec)  5  Augu&i  J979,  21532,  The,  TV  symbol  (®}  Tj, 

6upeA^po6ed  at  Zocxittovi  6uA{^ace  cJAcutatlon  cente/i  om  detemuied  by  cuAcnalt  KeQ.onnat6&ayic,z  at  ^522222. 
CoK6-i,deAahZe  veAtLcaZ.  &hzaJi  ext6te,d  oveA  the,  6y6tejn  ojtd  cocl&  the.  Aejz6on  that  tt  dtd  not  de.\jeZop  tnto  tAoptcat  6  to  Am 
6tAength,  [VMS?  tmageAy] 
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TYPHOON  IRVING  (12) 


Surges  in  the  southwest  monsoon  frequent 
the  western  North  Pacific  during  the  early 
tropical  cyclone  season  and  produce  wide¬ 
spread  convection  from  the  Malay  Peninsula  to 
as  far  east  as  Guam.  During  the  same  period^ 
the  500  mb  monsoon  trough  fluctuates  eastward 
across  the  South  China  Sea  (SCS)  and  occa¬ 
sionally  into  the  Philippine  Sea.  By  late 
July  1979,  an  eastward  extension  of  the  mid- 
level  monsoon  trough  was  the  main  synoptic 
feature  west  of  Guam.  The  500  mb  trough  axis 
extended  along  15N  from  northern  Vietnam 
through  the  central  SCS  and  then  eastward 
into  a  quasi- stationary  low  pressure  center 
over  the  Philippine  Sea. 

On  7  August  at  1200Z,  a  developing 
surface  circulation  was  observed  at  the 
eastern  end  of  the  monsoon  trough  near  14 , IN 
137. 7E.  This  weak  circulation  tracked 
cyclonically  around  the  eastern  periphery  of 
the  broad  500  mb  low  pressure  center  in  the 
Philippine  Sea.  Taking  on  the  characteris¬ 
tics  of  a  monsoon  depression  (Ramage,  1971) , 
Irving  was  described  in  aircraft  reconnais¬ 
sance  data  received  from  9-11  August  as  a 
weak  depression  with  poor  vertical  alignment 
and  maximum  surface  winds  located  150  to 
180  nm  (278  to  333  km)  west  of  the  surface 
center*  At  this  stage,  Irving  displayed  an 


FIGtiRE  3-1 2-U  Typhoon  06  a  weak  t^oplcat 

dep^e>66^on  with  an  exposed  ^ow-ZeveZ  cZfLCuZotcon, 

10  kxQ0J6t  1979 f  01161,  VhXoK  to  Znte.Yi6Z{iAjcatu.on, 
cuJiawiit  KeeonnaiMhojnae  ohhvoieji  the 

maxZmim  convection  to  the  we6t  o^  the  6u^^ace  centea, 
[PMSP  tmageAyj 


exposed  low-level  circulation  in  satellite 
imagery  with  maximum  convection  located  to 
the  west  of  the  surface  center  (Fig.  3-12-1) . 
Ship  synoptic  data  during  the  same  period 
indicated  that  25-35  kt  (13-18  m/sec)  winds 
extended  outward  120  nm  (222  km)  south  of  the 
surface  center. 

By  the  11th,  the  monsoon  surge  had 
weakened  and  receded  westward,  leaving  a 
cut-off  500  mb  low  over  the  Philippine  Sea 
in  the  vicinity  of  Irving's  surface  circula¬ 
tion.  Irving  executed  a  small,  tight 
cyclonic  loop  on  the  11th.  During  the  loop, 
vertical  alignment  between  the  surface  and 
the  500  mb  center  improved,  and  Irving 
intensified  to  tropical  storm  intensity. 
Simultaneously,  a  break  developed  in  the 
500  mb  subtropical  ridge  to  the  north,  and 
Irving  tracked  north-northwestward  towards 
the  Ryukyu  Islands  while  intensifying  further 
to  typhoon  strength.  Although  originally 
forecast  to  recurve  south  of  Japan,  strength¬ 
ening  of  the  500  mb  ridge  southeast  of  Japan 
caused  Typhoon  Irving  to  track  over  the 
western  East  China  Sea  and  accelerate  north- 
northeastward  across  Korea  before  merging 
with  an  extratropical  frontal  boundary  north 
of  Japan. 

Although  not  a  spectacular  typhoon, 
Irving's  apparent  sinusoidal  motion,  un¬ 
usually  large  wind  radii,  failure  to  rapidly 
deepen  and  damage  to  southern  Korea  are 
noteworthy.  Sinusoidal  motion  of  tropical 
cyclones  has  been  observed  for  many  years , 
especially  when  short-term  movements  are 
observed  by  accurate  fix  platforms  such  as 
land  radar  (Fig.  3-12-2)  and  reconnaissance 
aircraft.  Sinusoidal  motion  was  observed 
from  13 16 00 Z  to  15 18 00 Z  as  Irving  tracked 
north-northwestward  through  the  East  China 
Sea.  Radar  reports  from  the  I^ukyu  Islands 


FIGURE  3-T2-2.  Typhoon  living  o6  teeyi  by  the  nada/i 
at  HauZien,  Taiwan,  living  t^iaaked  no^ith-noAXhwe6t- 
waad  acA066  the  60utheAn  Ryukyu  J^ZamU  and  uxu 
accuAateZy  tracked  by  eight  AodoA  6ite6,  14  August 
1979,  I70C1Z.  [Pkotogfiaph  coiiAteAy  the  CentaaZ 
Weathen  SuAe/iUf  Taipei,  Taiimn] 
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clearly  indicate  that  Irving  oscillated 
about  an  overall  north-northwest  track 
(Fig.  3-12-3) . 

The  relationship  between  Irving's  surface 
and  500  mb  centers  during  the  earlier  stages 
of  development  produced  unusually  large 
surface  wind  radii.  Synoptic  and  aircraft 
data  between  092000Z  and  1200002  indicate 
that  Irving's  maximum  wind  band  actually 
existed  150-200  nm  (278-370  km)  west  of  the 
large,  calm-wind  surface  center.  Although 
the  maximum  wind  bands  did  eventually  migrate 
towards  the  surface  center,  the  wind  radii 
remained  large  for  the  duration  of  Irving. 

The  large  wind  radii  may  be  related  to 
Irving's  developmental  interaction  with  the 
500  mb  monsoon  low  and  its  large  areal  ex¬ 
tent.  Irving  never  became  a  tight,  well- 
developed  tropical  cyclone.  Aircraft  recon¬ 
naissance  during  the  period  of  eyewall 
development  indicated  that  Irving  had  a  Large 
30  nm  (56  km)  diameter  eye  with  the  radius  of 
over  30  kt  (15  m/sec>  winds  extending  out¬ 
ward  400  nm  (741  km)  in  the  eastern  semi¬ 
circle. 


Unlike  Super  Typhoon  Hope,  Typhoon  Irving 
(Fig.  3-12-4)  did  not  follow  the  intensifica¬ 
tion  pattern  suggested  by  JTWC's  Equivalent 
Potential  Temperature  (0^) /Minimum  Sea-level 
Pressure  Study.  This  study  indicates  that 
sea-level  pressure  should  fall  about  44  mb 
and  maximum  surface  winds  should  intensify  an 
average  of  55  kt  from  the  point  where  the 
and  pressure  curves  intersect  (see  Super 
Typhoon  Flope,  Figure  3-09-2).  The  reason 
why  Irving  failed  to  intensify  further  is 
not  known. 

Typhoon  Irving  was  the  first  tropical 
cyclone  to  strike  Korea  in  1979.  Rapidly 
weakening  as  he  made  landfall,  Irving  spared 
southern  Korea  from  the  destructive  typhoon 
force  winds  he  had  maintained  through  most  of 
the  East  China  Sea.  Korea  did,  however, 
receive  torrential  rains  which  produced  wide¬ 
spread  flooding.  The  hardest  hit  area  was 
the  island  of  Cheju  Do  where  4.3  inches 
(109-7inm)  of  rain  were  reported  at  Cheju. 
Official  estimates  reported  150  dead  or  mis¬ 
sing,  1000-2000  homeless  and  approximately 
10-20  million  US  dollars  damage  to  food  and 
agriculture . 


FIGURE  3~12'4,  ACthough  Typhoon  did  not 

develop  O-CLCjOfiding  to  inteMi^icaXAXjn  4>tudiz>i),  Irving 
did  good  ^eedeAbond  cuiXivity  and  ciAAiid 

oiit^toto,  14  Aogo^-t  7979,  OZZSl.  (OMSP  /mag e/urj 
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FIGURE  3-/ 3- 1.  Jn^JuifLed  Xmag<iAy  tropical  dUtuA- 
i7?rtT  wkiM.  iyoixthzojit  0^  Guam,  16  August  1979 

//^c/Z.  The,  6taA  denotes  the  appAox^ate,  tocaXion  oTi* 
a  weak  6uA^ace  centeA  dlscoveAed  by  a  AeconyuM^ancl 
(UAcAa^t  about  4  houju  eoAlizA.  (PMSP  XmageAy] 


Of  all  the  typhoons  of  1979,  Judy’s 
significance  was  only  surpassed  by  Super 
Typhoon  Tip.  Judy  eventually  developed  into 
the  year’s  second  super  typhoon,  but  more 
importantly,  she  served  as  a  reminder  of  how 
rapidly  a  minor  tropical  disturbance  can 
develop  into  a  dangerous  tropical  cyclone. 

Surface  synoptic  data  from  the  begin¬ 
ning  to  the  middle  of  August  showed  that  the 
area  south  and  east  of  Guam  was  fairly 
inactive.  Good  cross -equatorial  flow  was 


present,  but  only  a  few  flare-ups  of  convec¬ 
tive  activity  were  noted.  Surface  circula- 

^^^“‘Sefined  and  transient. 
By  15  August,  however,  synoptic  and 
satellite  data  revealed  a  tropical  distur- 
^20  nm  (222  km)  east-northeast 
Of  Truk,  which  was  to  eventually  become 
Typhoon  Judy. 

This  area  was  closely  monitored  by  JTWC, 
and  when  the  satellite  signature  began  to 
improve,  a  Tropical  Cyci©^  Formation  Alert 
was  issued  at  152100Z, 


49 


No  significant  pressure  falls  were 
observed  over  the  area  as  the  disturbance 
drifted  slowly  west-northwestward.  A 
reconnaissance  aircraft  at  160700Z  was  able 
to  define  only  a  weak  surface  circulation 
with  a  MSLP  of  approximately  1006  mb  and 
observed  surface  winds  in  the  south  semi¬ 
circle  of  10  kt  (5  m/sec)  or  less 
(Fig.  3-13-1). 

Rapid  intensification  was  not  expected 
at  that  time,  but  at  16 16 35 Z,  less  than  10 
hours  after  the  aircraft  investigation, 
weather  radar  at  Andersen  Air  Force  Base, 
Guam,  located  a  well-defined  circulation 
center  moving  west-northwest  toward  Guam  at 
15  kt  <28  km/hr) .  Gradient-level  wind 
reports  from  Guam,  Truk,  Palau  and  Ulithi  at 
161200Z  also  showed  that  the  low-level  in¬ 
flow  pattern  associated  with  the  disturbance 
had  increased  in  areal  extent.  The  distur¬ 
bance  continued  tracking  toward  Guam  and  at 
16 1800 Z  the  center  passed  oyer  the  Naval 
Oceanography  Command  Center  (NAVOCEANCOMCEN) , 
Guam  building  on  Nimitz  Hill  (Fig.  3-13-2) . 
NAVOCEANCOMCEN  reported  a  MSLP  of  1001.0  mb 
and  a  wind  gust  to  51  kt  (26  m/sec)  at  that 
time.  Based  on  this  "first-hand"  informa¬ 
tion,  JTWC  issued  the  first  warning  on 
Tropical  Storm  Judy  at  161900Z.  Post¬ 
analysis  revealed,  however,  that  Judy  did 
not  reach  tropical  storm  strength  until 
170000Z. 


fJGURB  3-?  3-2,  lAlcJijobcLfLOgfiaph  Viact  n.e,CJ0fid2d  at 
NAVOCEANCOMCEN,  Gmm  ditfUng  tkz.  pa64age  ojJ  TV  13 
lJudif]  at  aboat  UUOOl,  Aagu^t  1979. 


Judy  intensified  steadily  while  follow¬ 
ing  a  nearly  climatological  west-northwest 
track  at  10-12  kt  (19-22  km/hr)  for  the  next 
24  hours.  She  reached  typhoon  strength  at 
approximately  180300Z.  After  that,  .a  long¬ 
wave  trough  in  the  mid- level  westerlies, 
moving  over  Japan  toward  the  Pacific, 
fractured  the  subtropical  mid-tropospheric 
ridge  north  of  Judy,  allowing  her  to  track 
more  to  the  northwest. 


During  the  next  36-hour  period,  after 
reaching  typhoon  strength,  Judy’s  central 
pressure  dropped  69  mb  and  she  attained 
super  typhoon  strength  at  200000Z.  Her 
lowest  central  pressure,  887  mb,  was 
measured  by  a  reconnaissance  aircraft  at 
192145Z.  Three  distinct,  concentric  wall 
clouds  were  also  noted  at  that  time 
(Fig.  3-13-3) .  Super  typhoon  intensity  Was 
maintained  until  201500Z,  with  gradual 
weakening  thereafter. 

Forecast  aids  indicated  that  Judy  would 
pass  to  the  south  of  Okinawa,  but  base^sjap 
her  persistence  track  and  the  deep  trdh^ 
that  existed  over  Japan  at  500  mb,  Judy  was 
forecast  to  recurve  east  of  Okinawa.  The 
steering  aids  were  reacting  to  the  mid- level 
PE  Forecast  series  which  built  the  ridge 
back  between  Japan  and  Judy.  The  numerical 
forecasts  had  not  been  verifying  well  up  to 
that  point,  and,  thus,  the  well-entrenched 
trough  was  forecast  to  persist.  The  numeri¬ 
cal  forecasts  proved  to  be  correct,  however, 
and  Judy  did  pass  south  of  Okinawa  before 
beginning  to  recurve  into  the  East  China  Sea. 

The  rapidly  intensifying  ridge  was 
expected  to  drive  Judy  into  the  As iaiK'ipa in¬ 
land  south  of  Shanghai.  The  500  mb  an^fe^^sis 
at  241200Z  provided  the  first  indication 
that  Judy  was  not  going  to  make  landfall. 

At  that  time,  she  was  just  off  the  Chinese 
coast,  but  north  of  the  mid-level  ridge  axis. 
Three-hourly  synoptic  reports  from  Sheng-Szu 
were  watched  closely  and  when  the  winds 
backed  from  east  at  40  kt  (21  m/sec)  to  north 
at  35  kt  (18  m/sec) ,  there  was  little  doubt 
that  Judy  had,  in  fact,  recurved  to  the 
northeast. 

As  Judy  recurved,  she  was  downgraded  to 
tropical  storm  strength  based  on  land  synop¬ 
tic  data.  Transition  to  an  extratropical 
system  occurred  at  261200Z  while  Judy  passed 
through  the  Korea  Strait. 

Due  to  being  still  relatively  weak 
while  passing  over  Guam,  damage  there  was 
insignificant.  Damage  to  Okinawa  was  also 
minimal,  even  though  sustained  winds  of  40 
kt  (21  m/sec)  were  experienced  for  a  28-hour 
period.  Southern  Korea  did  not  fare  as  well, 
however.  One  hundred  eleven  people  were 
killed,  over  8,000  houses  were  inundated,  57 
vessels  were  destroyed  and  many  thousands  of 
acres  of  crops  were  ruined  by  Judy’s  torren¬ 
tial  rains  and  strong  winds. 
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FIGt/RE  3-15-3.  Judy  cu  a  ^upeA  typhoon,  20  August 
1979,  9219Z.  {VMS?  tmgeAy] 
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TROPICAL  STORM  KEN  (15) 
AND  TYPHOON  LOLA  (16) 


Ken  and  Lola  developed  almost  concur¬ 
rently  along  the  periphery  of  an  upper-level 
TUTT.  Satellite  imagery  on  1  September  1979 
(Pig.  3-16-1)  shows  a  number  of  disturbances 
organized  into  a  line  of  convection  ringing 
the  TUTT  in  question  from  north  of  Kadena  to 
south  of  Marcus .  Ken  developed  from  the 
disturbance  just  east  of  Kadena.  At  this 
same  time,  the  disturbance  which  developed 
into  Lola  is  south  of  Marcus  and  appears 
quite  weak.  The  largest  and  most  menacing 
middle  disturbance  northwest  of  Guam  (Fig. 
3-16-1)  did  not  develop. 

During  the  next  48  hours,  the  TUTT 


deepened  southwestward  over  the  middle  dis¬ 
turbance  and  suppressed  its  convection.  At 
the  s^e  time,  it  divided  the  convective 
line  into  the  two  distinct  systems,  Ken  and 
Lola  (Fig.  3-16-2). 

After  forming,  Ken  and  Lola  began  to 
move  in  similar  recurvature  tracks.  Ken 
tracked  northward  into  the  Sea  of  Japan 
reaching  a  maximum  intensity  of  60  kt 
(31  m/sec) .  Lola  intensified  into  a  typhoon 
and  eventually  transitioned  into  an  extra- 
tropical  system  over  the  cooler  waters  east 
of  Japan, 


FIGURE  S-16-1.  Lcne  o£  tfiopicaZ  cU&tu/Lbance^  which.  TS  Ken  and  TV  lota  cvcYitaaZty  devetoped,  3I2257Z  Aag  - 
0)00$91  Sap  1979,  (I?MSP  AjnagCAy] 


FIGURE  3-16-2,  Ken  at  45  kt  {23  mUec)  tntendity  and  Lola  at  30  kt  (15  m/6ec}  tntendity,  0222212  -  0300032  Sex> 
1979,  {VMS?  tmagcAy) 
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TYPHOON  MAC  (17)  AND 
TROPICAL  STORM  NANCY  (18) 


Typhoon  Mac  developed  from  a  weak 
surface  circulation  northeast  of  Yap  in 
September  1979.  This  circulation  tracked 
westward,  reaching  tropical  storm  intensity 
by  1600002.  Mac  followed  the  climatologi¬ 
cal  intensification  rate  for  tropical 
cyclones  approaching  the  Philippines  and 
reached  typhoon  intensity  prior  to  making 
landfall.  Frictional  effects  caused  Mac  to 
weaken  slowly  as  he  tracked  across  southern 
Luzon  towards  the  South  China  Sea.  The 
unexpected  development  of  Tropical  Storm 
Nancy  east  of  Hai-nan  Island  influenced 
Mac*s  track  in  the  South  China  Sea. 

JTWC's  real-time  forecasts  do  not 
always  reflect  the  actual  intensity  of  a 
tropical  cyclone.  Rapid  intensification  or 
weakening,  peripheral  data  unavailable  due 
to  geographical  restrictions,  and  tight 
maximum  wind  bands,  which  are  not  initially 
detected,  all  reduce  the  accuracy  of  inten¬ 
sity  estimates  provided  in  tropical  cyclone 
warnings.  These  intensity  discrepancies 
often  go  unrecognized  until  discovered 
during  post-analysis,  as  in  the  case  of 
Ti'phoon  Mac. 

Reanalysis  of  aircraft  reconnaissance 
data  from  16-18  September  indicates  that  Mac 
most  probably  intensified  to  typhoon  intensi¬ 
ty  by  161800Z.  During  the  period  16-18 
September,  aircraft  reconnaissance  at 
1605032  reported  68  kt  (35  m/sec)  at  1500  ft 
(457  m)  and  60  kt  (31  m/sec)  on  the  surface 
prior  to  encountering  moderate  turbulence 
which  forced  the  aircraft  to  climb  through 
the  overcast  stratocumulus  cloud  layer  above. 
Subsequent  reconnaissance  data  at  1708102 
confirmed  typhoon  intensity  by  locating 
80-90  kt  (41-46  m/sec)  surface  winds  in  a 
10-nm  (19  km)  wide  band  tucked  under  the 
strong  eastern  feederband,  Mac  made  land¬ 
fall  prior  to  the  next  scheduled  aircraft 
fix  with  geographical  constraints  severely 
reducing  peripheral  data  collection. 

Although  real-time  data  were  available 
which  indicated  Mac  had  possibly  reached 
typhoon  intensity,  the  isolated  reports  of 
strong  winds  were  dismissed  as  gusts  asso¬ 
ciated  with  lower  velocity  sustained  winds. 
(Aircraft  data  are  occasionally  not  used 
verba turn  when  they  fall  outside  reasonable 
limits  after  being  analyzed  with  available 
surface  reports,  satellite  data  intensity 
estimates  and  the  JTWC  Maximvim-Wind  Minimum- 
Pressure  Relationship  (Atkinson*  and  Holliday, 
1977).)  During  post-analysis,  the  recon¬ 
naissance  data  were  re-examined  using  an 
intensity  study  of  tropical  cyclones 
crossing  the  Philippines  (Sikora,  1976). 

For  typhoons  with  maximum  sustained  winds  of 
less  than  80  kt  (41  m/ssa)  ,  the"  study  shows 
that  an  average  intensification  of  30  kt 
(15  ro/sec)  can  be  expected  for  tropical 
cyclones  which  follow  a  track  similar  to 
Mac's.  Reanalysis  of  the  period  between 
151800Z  and  180000Z  shows,  in  fact,  that  Mac 
intensified  to  typhoon  intensity  before 
weakening  from  frictional  effects  over 
Catanduanes  Island  on  18  September  {Fig. 
3-17-1) . 


The  unexpected  development  of  a  second 
tropical  cyclone  in  the  South  China  Sea  (SCS) 
produced  a  series  of  track  and  intensity 
modifications  in  Typhoon  Mac.  Upon  exiting 
the  Philippines,  Mac,  which  was  originally 
forecast  to  track  west-northwest  into  the 
SCS,  began  a  Fujiwhara  interaction  (Fig. 
3-18-2)  with  the  rapidly  developing  Tropical 
Storm  Nancy  located  near  Hai-nan  Island. 
Instead  of  tracking  west-northwest,  Mac 
tracked  north-northwest,  skirting  Cubi  Point 
Naval  Air  Station,  Philippines,  on  his  new 
track  toward  Hong  Kong.  Strong  anticyclonic 
outflow  from  Nancy  sheared  Mac's  convection 
towards  the  southwest  with  aircraft  recon¬ 
naissance  reporting  an  exposed  low-level 
circulation  of  30-35  kt  (15-18  m/sec)  inten¬ 
sity  on  the  20th. 

Weak  steering  currents  allowed  Nancy  to 
take  a  cyclonic  track  across  southern  Hai-nan 
Island  before  heading  southwestward  into 
Vietnam.  Nancy's  southwestward  track  towards 
landfall  forced  Mac  further  north  than  origi¬ 
nally  forecast.  Mac  eventually  passed  just 
south  of  Hong  Kong.  Ironically,  Nancy's 
development,  which  caused  Mac  to  track 
towards  Hong  Kong,  also  helped  to  spare  Hong 
Kong  from  potential  typhoon  force  winds. 
Nancy's  upper-level  outflow,  which  dominated 
the  SCS  from  19-23  September,  produced 
strong  vertical  shear  over  Mac  and  slowed 
his  rate  of  reintensification.  Typhoon  Mac 
only  reached  minimal  tropical  storm  intensity 
prior  to  making  landfall  west  of  Hong  Kong. 


FIGtfRE  3-77-/.  Typhoon  Max!,  CcuCanduane^ 

VkLUppin^,  1$  September  T979,  0033Z. 

(I^P  ^ag2Ay) 
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TROPICAL  STORM  NANCY  (18) 


FIGURE  3-1 S-K  T/Lop^taat  StoAm  Haney  at  35  kt  [IS  m/4ec) 
iouthcAn  end  oi  HeU-nan  Utand,  20  SeptembeA  1979,  0143Z, 
AB,  OfUnawa] 


tntcmtty  jLUt  a^tex  ZamdiaZl  on  the 
(t^MSP  AxnaQexy  Ixom  Vet  S,  im,  Kadena 


FIGURE  3 -1^-2.  Typhoon  Mac  and  TxopicaZ  Btoxm  Haney  undexgotng  fujyiwha/ia  tntexaetion  ovex  the 
South  China  Sm,  22  Septembex  1979,  03021.  The  4S-houx  txack6  be^oxe  and  aUex  plctuxe  time  axe 
6upeXAjnpo6ed  [Vot/i  bAaeket  24-houx  tntexoatii) .  {VMS?  tmagexy  £xom  Vet  5,  JWW,  CloAii  AB,  RP] 
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TYPHOON  OWEN  (19) 


Typhoon  Owen  developed  from  a  distur¬ 
bance  which  tracked  south  of  Guam  during 
20  September  1979.  Two  days  later,  satel¬ 
lite  imagery  (Pig,  3-19-1)  showed  that  the 
system  was  organizing  at  the  same  time  that 
aircraft  reconnaissance  data  indicated  a 
definite  surface  circulation  with  a  1000  mb 
central  pressure.  This  prompted  JTWC  to 
issue  a  tropical  depression  warning  on  the 
system  at  220000Z. 

During  the  2  days  prior  to  and  1  day 
after  22  September,  the  system  moved  on  a 
generally  westward  track  at  5  to  8  kt 
(9  to  15  km/hr) .  This  speed  and  direction 
was  in  good  agreement  with  climatological 
tracks.  Also,  the  500  mb  analysis  showed  a 
strong  subtropical  ridge  which  indicated 
westward  steering.  Based  on  this  informa¬ 
tion,  JTWC  forecast  westward  movement  for 
the  first  8  warnings.  However,  Owen 
unexpectedly  turned  sharply  to  the  north 
and  began  moving  at  speeds  of  15  kt 
(28  km/hr) . 

Post-analysis  revealed  a  possible  rea¬ 
son  for  this  movement.  Figure  3-19-2  shows 


the  221200Z  analyses  at  500  mb  and  200  mb 
superimposed.  An  upper-level  trough  is 
evident  on  the  200  mb  analysis  just  west  of 
the  cyclone.  Southerly  winds  of  50  kt 
(26  m/sec)  were  observed  on  the  eastern 
periphery  of  the  trough.  Considerable 
vertical  shear  existed  in  the  layer  from 
500  mb  to  200  mb.  It  appears  that  the 
steering  and  depth  of  this  upper-level 
trough  rather  than  500  mb  steering  was  the 
dcmiinant  feature  in  Owen*s  movement.  Under 
its  influence,  Owen  tracked  generally  north¬ 
ward  throughout  his  lifetime,  although 
undergoing  major  changes  in  speed.  He 
slowed  to  a  barely  perceptible  1-kt 
(2  km/hr)  movement  just  northeast  of  Okinawa 
(at  the  latitude  of  the  subtropical  ridge 
axis)  and  then  dramatically  accelerated  to 
24  kt  (44  km/hr)  36  hours  later  under  verti¬ 
cally  consistent  westerly  steering.  At  this 
time,  Owen  made  landfall  near  Osaka,  Japan 
and  began  weakening  in  intensity  while  still 
accelerating  to  47  kt  (87  km/hr).  Even¬ 
tually,  he  transitioned  into  an  extra- 
tropical  system  but  not  before  reaching  a 
maximum  intensity  of  110  kt  (57  m/sec) 

(Pig.  3-19-3)  on  26  September. 


FIGURE  3-19-1.  Typhoon  Ouien  a&  a  tfiopicaZ  dUtxjJi- 
banct,  2  7  September  7979,  Z326Z.  (PMSP  AjmgeAy) 
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FIGURE  3-19-3.  Typhoon  Ouen  at  mKimum  tnten6^u  oX 
110  kt  [57  m/4ec),  26  September  1979,  0145Z. 

(PMSP  tmageAy) 


TROPICAL  STORM  PAMELA  (20) 


Developing  at  the  apex  of  a  wave  in  the 
easterly  flow  in  late  September  1979, 
Tropical  Storm  Pamela  tracked  westward, 
north  of  the  Mariana  Islands,  and  dissipated 
in  Typhoon  Owen*s  eastern  feeder  band  \mder 
strong  vertical  shear  (Fig.  3-20-1) . 

A  JTWC  pressure-wind  relationship  study 
(Atkinson  and  Holliday,  1977)  suggested 
TS  Pamela's  maximum  intensity  should  have 
ranged  between  25-30  kt  (13-15  m/sec)  for 
the  concomitant  1002-1003  mb  minimum  sea- 
level  pressure  reported.  Instead,  aircraft 
data  at  2508272  reported  a  very  narrow, 


transient  wind  band  of  60  kt  (31  m/sec) 
north  and  east  of  the  surface  center.  The 
ARWO  on  this  mission  indicated  that  surface 
winds  may  have  been  even  higher  than  the 
reported  60  kt  (31  m/sec) ,  Subsequent 
aircraft  investigations  were  not  able  to 
locate  winds  greater  than  25  kt  (13  m/sec) . 
The  occurrence  of  maximum  winds  which 
exceed  the  range  of  the  JTWC  tropical 
cyclone  pressure-wind  relationship  is 
encountered  several  times  each  season. 
Although  several  explanations  have  been 
offered  for  these  anomalies,  none  have  been 
substantiated . 


FI GORE  3-20-7.  lAjop^ait  StoAst  Powiefa  uiith  maxiinm 
^iL6tcUmjd  vicndd  45  kt  (23  Z4  SoptomboA 

7979,  2232Z.  Tke  exposed  JUfio-ttvct  cUAcxitation  vocu 
a  Az6aJit  0^  6tAong  \fznticjit  4keaA  pAodaccd  by  Typhoon 
Oioen.  (DMSP  tmageAy) 
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TROPICAL  STORM  ROGER  (21) 


As  Typhoon  Owen  began  recurving  toward 
Japan,  activity  increased  in  the  monsoon 
trough  that  extended  over  the  Caroline 
Islands.  The  increased  activity  was  noted 
in  the  Significant  Tropical  Weather  Advisory 
(ABEH  PGTW)  on  28  September.  For  the  next  5 
days,  2  weak  surface  circulations  and 
associated  cloud  clusters  within  the  broad 
trough,  one  southwest  of  Guam  and  the  other 
southeast  of  Guam,  were  closely  monitored. 

As  Owen  began  weakening  over  Japan,  the 
southwest  monsoon  flow  into  the  trough 
oriented  NW-SE  increased  on  30  September, 
and  a  line  of  strong  convective  activity 
developed  from  the  southern  Philippines  to  a 
position  south  of  Guam. 

Post-analysis  indicated  the  existence 
of  a  weak  circulation  southwest  of  Guam 
which  was  to  become  Tropical  Storm  Roger. 
During  the  entire  time  preceding  the 
issuance  of  the  first  warning  on  Roger, 

JTWC ' s  attention  was  focused  on  another  area 
of  major  convective  activity  5°  west  of  the 
circulation  center  which  was  associated  with 
strong  low-level  convergence  and  cyclonic 
shear.  Gradient- level  winds  at  Yap  of  56  kt 
(29  m/sec) ,  Palau  52  kt  (27  m/sec)  and  Guam 
28  kt  (14  m/sec)  are  indicative  of  bhe 
strong  low-level  winds  around  the  periphery 
of  the  trough.  Thus,  the  initial  and  the 
reissued  formation  alerts  (0206D0Z  Oct  and 
022200Z  Oct)  covered  the  area  of  heavy 
convective  activity  rather  than  the  actual 
surface  circulation  center. 

Numbered  warnings  began  at  0600Z  on 
3  October  when  a  reconnaissance  aircraft  at 


030220Z  reported  a  surface  pressure  of 
998  mb  and  estimated  surface  winds  of  40  kt 
(21  m/sec)  in  a  band  of  strong  southwesterly 
flow  60  nm  ( 111  km)  south  of  the  surface 
center.  The  aircraft  also  observed  a  calm 
wind  center  at  the  surface  of  30  nra  (56  km) 
in  diameter  with  clear  skies  over  the  area. 

Synoptic  and  satellite  data  at  0312002 
indicated  that  TD  21  was  beginning  to 
separate  from  the  broad  trough  as  convective 
activity  was  becoming  more  directly  asso¬ 
ciated  with  the  circulation  center  (Fig. 
3-21-1) .  TD  21  was  upgraded  to  a  tropical 
storm  at  0600Z  on  4  October  based  on  35  kt 
(18  m/sec)  surface  winds  and  a  982  mb  sea- 
level  pressure  reported  by  aircraft  recon¬ 
naissance  at  0403082.  Post-analysis  indi¬ 
cates  tropical  storm  intensity  was  attained 
6  hours  earlier. 

A  break  in  the  mid-tropospheric  sub¬ 
tropical  ridge  north  of  Roger  existed  as 
Owen  recurved  over  Japan.  The  strong  mid¬ 
level  southeasterly  steering  current  along 
the  southwestern  periphery  of  the  ridge  was 
responsible  for  Roger *s  15  to  20  kt  (8  to  10 
m/sec)  northwestward  movement.  The  ridge 
retreated  eastward  between  OOOOZ  and  1200Z 
on  4  October  as  a  mid- level  trough  deepened 
over  Korea.  The  loss  of  definitive  steering 
flow  permitted  Roger  to  execute  a  cyclonic 
loop.  After  emerging  from  the  loop,  Roger 
continued  on  a  northwestward  track  until 
north  of  the  ridge  axis,  after  which  he 
accelerated  north-northeastward.  Extra- 
tropical  transition  was  complete  by  070600Z 
as  Roger  merged  with  a  cold  front  south  of 
Japan. 


FIGURE  3-21-7.  JKOpAjCjoZ.  StoMm  V.ogeA  cut  35  kt  {IB  m/4ec) 
tnt^n&>uty  04  October  1979,  0054Z.  (VMSF  tmageAx/} 
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TYPHOON  SARAH  (22) 


Typhoon  Sarah  spawned  in  the  monsoonal 
trough  during  late  September  1979,  This 
trough  extended  from  the  southwestern 
portion  of  the  South  China  Sea  toward  Luzon. 

A  northeast  monsoon  surge  existed  north  of 
the  trough,  while  the  southwest  monsoon 
dominated  the  area  south  of  the  trough.  The 
circulation  was  steered  initially  by  the 
southwest  monsoon  and  then  later  by  the  first 
northeast  surge  of  the  fall  from  the  Asian 
mainland.  During  the  last  few  days  of 
September,  the  circulation  meandered  slowly 
toward  Luzon  under  the  influence  of  the 
southwest  monsoon,  and  then  looped  over  Luzon 
during  the  first  three  days  of  October  as  a 
mid-tropospheric  short-wave  trough  moved 
eastward  north  of  Luzon.  Once  the  short-wave 
trough  had  moved  east  of  the  circulation,  the 
northeast  surge  intensified  and  became  more 
of  an  influence  as  the  circulation  finished 
its  loop  and  began  its  south-southwest  track. 

On  5  and  6  October,  Sarah,  now  a  tropi¬ 
cal  storm,  apparently  was  again  influenced 
by  another  mid-tropospheric  short-wave  trough 
which  moved  across  Sarah’s  longitudinal 
position  and  induced  the  brief  eastward 
movement  in  her  track.  At  this  time,  the 
southwest  monsoon  also  increased  in  intensity 
and  may  have  been  another  factor  in  steering 
Sarah  eastward.  For  almost  the  entire 
period  that  Sarah  was  tracking  southward, 
there  was  a  weakness  in  the  mid-tropospheric 
ridge  between  the  Philippines  and  the  Asian 
mainland,  enabling  Sarah’s  track  to  be 
influenced  by  short-wave  troughs.  This 
weakness  in  the  ridge  resulted  in  mid- 
tropospheric  flow  that  was  too  weak  to 
significantly  affect  the  steering  of  Sarah, 
This  weakness  allowed  the  surface  winds  to 
dictate  Sarah’s  direction  of  motion  through 
the  first  8  days  of  October,  Figures  3-22-1 
and  3-22-2  illustrate  the  surface  and  mid¬ 
level  flow  patterns  which  influenced  Sarah 
during  this  phase  of  her  track. 

During  Sarah's  depression  stage,  strong 
easterlies  in  the  upper-troposphere 
restricted  Sarah's  outflow  to  the  northeast, 
thus  inhibiting  development  into  a  tropical 
storm.  As  Sarah  'proceeded  southward,  the 
easterlies  decreased  in  strength,  outflow 
increased,  and  Sarah  intensified  to  tropical 
storm  and  then  typhoon  strength.  It  is  very 
interesting  to  note  that  Sarah  intensified 
to  typhoon  strength  while  tracking  southward 
which  is  quite  unusual  for  a  tropical 
cyclone.  Several  aircraft  reconnaissance 
flights  reported  that  Sarah  had  attained 
typhoon  strength  even  though  her  cloud 
structure  was  not  well  organized. 

During  the  first  several  days  of 
October  when  Sarah  was  slowly- -developing  to 
typhoon  strength  and  moving  south,  Palawan 
Island  and  the  central  Philippines  were 
battered  by  high  winds  and  rain.  These 
areas  were  inundated  by  flooding  and  land¬ 
slides  which  caused  massive  crop  damage  and 
death.  Many  vintages  were  cut  off  from  any 


source  of  food,  fresh  water,  and  other 
necessities  for  survival.  Four  deaths  were 
attributed  to  Sarah.  On  8  October,  Sarah 
finally  began  to  track  westward  and  the 
weather  finally  cleared  over  Palawan  Island 
and  the  central  Philippines.  Sarah's  change 
in  track  was  due  to  the  strengthening  of  the 
mid- tropospheric  ridge  north  of  Sarah  from 
Luzon  across  the  South  China  Sea  into  Asia. 
Aircraft  reconnaissance  early  on  the  9th 
reported  that  Sarah's  structure  had  become 
better  organized.  Earlier  aircraft  reported 
that  Sarah  was  not  vertically  aligned;  but 
on  the  9th,  the  mid-level  center  had  become 
vertically  aligned  with  the  surface  center. 
With  vertical  alignment  and  improved  upper- 
level  outflow,  Sarah's  intensity  increased 
to  110  kt  (57  to/ sec)  as  she  became  a  most 
impressive  storm.  This  is  in  contrast  to 
her  unusual  origin. 

After  Sarah  reached  peak  intensity  early 
on  10  October,  she  began  to  slowly  weaken  as 


FIGURE  3'22-5.  Sa^h  uxith  60  kt  1 31  m/^ec)  tntm&tty 
one,  day  pfUoA.  to  land^aJU  oveA  Uletnam,  J3  OctobeA 
1979,  0136Z,  imSP  tmageAyJ 


she  tracked  west- northwestward  (Fig.  3-22-3), 
Sarah  continued  on  a  west-northwest  track 
until  dissipation  over  Vietnam  on  17  October. 
After  20  days,  she  dissipated  within  300  nm 
(556  km)  of  her  origin  as  a  monsoon 
depression  on  28  September. 


FIGURES  3-22- J  and  3-22-2  oAe  on  ^ottouiOig  page^. 
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FIGURE  3-2Z-I.  Tht  OBOOOOZ  Octobvt  1919  iMiianz  ( - ls>ia.diQjnt-UveZ  Iddd  vilnd  data  and  itanamUne. 

amZy6l6*  Wind  -ipeedi  oAt  In  knotl* 


FIGURE  3-22-2,  Tke  050000Z  OcXobeA  1979  500  mb  ayuUjyii^,  iilCnd  6pe,zd6  oJin  knots 
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SUPER  TYPHOON  TIP  (23) 


Super  Typhoon  Tip  was  the  most  signifi¬ 
cant  typhoon  of  the  1979  season,  and 
possibly  the  most  significant  tropical 
cyclone  this  century.  Forty  aircraft  recon¬ 
naissance  missions  were  flown  on  Tip,  which 
produced  60  fixes,  and  thus  made  it  one  of 
the  most  closely  watched  cyclones  in  recent 
memory.  Aircraft  and  synoptic  data  showed 
that  Tip  achieved  the  lowest  sea- level 
pressure  ever  observed  in  a  tropical  cyclone 
(870  mb)  and  also  had  the  largest  circula¬ 
tion  pattern  on  record  (nearly  1200  nm 
(2222  km)  in  diameter) , 

Satellite  and  synoptic  data  during  the 
early  part  of  October  revealed  an  active 
monsoon  trough  that  extended  from  the 
Marshall  Islands  through  the  Caroline 
Islands  to  Luzon.  Three  distinct  circula¬ 
tions  developed  in  this  trough;  One  near 
Manila,  which  would  become  Typhoon  Sarah; 
another  southwest  of  Guam,  which  would  be¬ 
come  Tropical  Storm  Roger?  and  the  last 
between  Truk  and  Ponape,  which  was  destined 
to  become  Super  Typhoon  Tip. 

It  is  not  possible  to  discuss  the 
development  of  Tip  without,  at  the  same 
time,  examining  the  development  of  TS  Roger. 
The  surface  analysis  for  030000Z  showed  the 
three  circulations  in  the  monsoon  trough  with 
strong  cross-equatorial  flow,  most  of  which 
was  feeding  into  TS  Roger.  This  situation 
was  enhanced,  in  part,  by  an  extratropical 
trough  north  of  Roger  over  Southern  Japan. 

The  split  in  the  surface  flow  pattern  near 
Guam  tended  to  keep  Tip  from  developing 
rapidly  while  southeast  of  Guam.  The  upper- 
level  analysis  at  the  same  time  showed  a 
large  anticyclone  north  of  Guam  in  close 
association  with  TS  Roger  and  a  developing 
TOTT  cell  about  300  run  (556  km)  east  of 
Marcus  Island.  The  TUTT  cell  was  moving 
slowly  westward.  Only  strong  upper-level 
nor the as ter lies  existed  over  Truk  and  Ponape. 

The  satellite  signature  of  the  tropical 
disturbance  near  Truk  continued  to  show 
improvement  despite  the  initially  unfavor¬ 
able  upper- air  pattern.  A  Tropical  Cyclone 
Formation  Alert  was  issued  at  040900Z,  when 
a  reconnaissance  aircraft  found  a  closed 
surface  circulation  about  120  nm  (222  km) 
southeast  of  Truk  with  a  MSLP  of  1003.9  mb 
and  a  maximum  observed  surface  wind  of  25  kt 
(13  m/sec) . 

A  reconnaissance  aircraft  fixed  the 
disturbance  the  following  day  about  100  nm 
(185  km)  southeast  of  the  previous  position. 
Based  on  indications  of  continual  develop¬ 
ment,  the  first  warning  on  TD  23  was  issued 
at  050000Z.  Although  the  surface  pressure 
did  not  drop  significantly,  the  observed 
surface  winds  did  increase,  and  as  a  result, 
TD  23  was  upgraded  to  Tropical  Storm  Tip  at 
060000Z. 

During  the  period  from  050000Z  to 
071800Z,  TS  Tip  gave  the  JTWC  forecasters  a 
striking  example  of  what  the  term  "erratic 
movement"  really  means,  TS  Tip  first 
executed  a  cyclonic  loop  southeast  of  Truk, 
then  accelerated  to  the  northwest,  only  to 
stall  and  meander  to  a  position  south  of 
Truk.  It  was  difficult  to  keep  track  of 


TS  Tip's  surface  position  during  this  period. 
The  best  track  is  based  almost  entirely  on 
aircraft  surface  positions,  because  the 
satellite  fixes  were  based  on  upper- level 
outflow  centers,  and  even  the  700  mb  center, 
as  observed  by  aircraft  reconnaissance,  was 
considerably  displaced  from  the  surface 
center.  Changes  in  the  surface  wind  direc¬ 
tion  reported  by  Truk  assisted  JTWC  in 
monitoring  TS  Tip  during  this  period  of 
erratic  behavior. 

Post- analysis  shows  that  Tip's  slow 
development  and  early  erratic  behavior  are 
related  to  the  weak,  yet  extensive  circula¬ 
tion  patterns  that  were  associated  with 
TS  Roger.  While  near  Truk,  TS  Tip  was  still 
competing  with  TS  Roger  for  strong  southerly 
surface  inflow  and,  until  the  8th,  was  coming 
out  second  best.  During  the  period  of 
erratic  movement,  JTWC  continued  to  forecast 
a  northwestward  track  with  passage  south  of 
Guam.  These  forecasts  were  based  primarily 
on  the  mid- level  steering  winds  observed  at 
Guam  and  obtained  by  the  reconnaissance 
aircraft.  These  fairly  strong  winds  were 
from  the  southeast  and  were  expected  to  steer 
Tip  toward  Guam.  However,  at  this  stage  of 
developnent,  Tip  was  evidently  too  far  south 
of  this  wind  band  and  the  steering  in  the 
immediate  vicinity  of  Tip  remained  weak. 

On  8  October,  the  expected  northwest 
movement  began.  Roger  was  far  to  the  north 
becoming  extratropical,  and  the  southerly 
winds  that  had  been  flowing  north  began  to 
veer  toward  Tip.  The  TUTT  cell  earlier  near 
Marcus  Island  migrated  to  a  position  north¬ 
west  of  Guam,  affording  Tip  an  excellent 
outflow  channel  to  the  north.  Synoptic  and 
subsequent  aircraft  data  revealed  that  the 
southeasterly  mid-level  winds  finally  began 
to  influence  TS  Tip,  and  the  080208Z  aircraft 
fix  confirmed  that  Tip  was  heading  toward 
Guam  at  approximately  13  kt  (24  km/hr) .  The 
minimum  sea  level  pressure  dropped  to  995  mb 
and  surface  winds  were  40  kt  (21  m/sec) . 


Tropical  Storm  Tip  continued  to  intensify 
and  accelerate,  eventually  to  20  kt 
(37  km/hr)  as  he  headed  toward  Guam.  Until 
6  hours  before  reaching  Guam,  Tip's  persis¬ 
tence  track  and  JTWC's  forecasts  indicated 
that  he  would  pass  directly  over  the  center 
of  the  island.  Six  hours  before  expected 
landfall,  however,  reconnaissance  aircraft 
and  radar  positions  from  Andersen  AFB  showed 
that  TS  Tip  had  turned  to  the  west.  Tip 
actually  passed  south  of  Guam,  reaching  CPA 
at  about  25  nm  (46  km)  south  of  the  southern 
end  of  -the  island  at  -091015Z.  Maximum  winds 
of  48  kt  (25  m/sec)  with  gusts  to  64  kt 
(33  m/sec)  were  recorded  at  the  Naval 
Oceanography  Command  Center  on  Nimitz  Hill. 
Andersen  AFB  recorded  6.5  inches  of  rain 
between  081800Z  and  091800Z,  and  an  addition¬ 
al  2.61  inches  between  091800Z  and  091900Z. 

Shortly  after  passing  Guam,  Tip  reached 
typhoon  strength  and  continued  on  a  basic 
west-northwest  track.  The  analyses  over  the 
next  few  days  showed  that  Typhoon  Tip  was 
moving  into  an  area  of  strong  upper- level 
divergence  which  appeared  to  cover  most  of 
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the  western  Pacific.  Rapid  intensification 
was  forecast  based  upon  the  favorable 
upper- level  pattern  and  the  continued  drop 
in  surface  pressure  as  observed  by  the 
reconnaissance  aircraft.  Intensification 
was  much  more  rapid  than  expected,  however, 
as  the  pressure  between  the  9th  and  the  11th 
dropped  98  mb  to  898  mb.  Tip  reached  super 
typhoon  strength  at  that  time  with  maximum 
winds  of  130  kt  (67  m/sec)  reported  by  air¬ 
craft  reconnaissance.  The  surface  analyses 
revealed  that  the  circulation  pattern 
associated  with  Typhoon  Tip  had  increased  to 
a  diameter  of  1200  nm  (2222  km)  which  broke 
the  previous  record  of  720  nm  (1333  km)  set 
by  Typhoon  Marge  in  August  1951. 


Super  Typhoon  Tip  intensified  still 
further,  and  at  1203532,  a  reconnaissance 
aircraft  recorded  the  lowest  sea- level 
pressure  ever  observed  in  a  tropical  cyclone: 
870  mb.  This  was  6  mb  lower  than  the  pre¬ 
vious  record  set  by  Super  Typhoon  June  in 
November  1975,  The  700  mb  height  was  1944 
meters  and  the  700  mb  temperature  within  the 
eye  was  an  exceptionally  high  30*^  C 
(Fig.  3-23-1).  The  Aerial  Reconnaissance 
Weather  Officer  (ARWO)  on  that  particular 
mission  remarked  that  "...one  unusual 
feature  was  the  spiral  striations  on  the 
wall  cloud.  It  looked  like  a  double  helix 
spiraling  from  the  base  of  the  wall  cloud  to 
the  top,  making  about  two  revolutions  in 


FIGURE  3-23-/.  Supe^  Typhoon  Tip  6hontty  tke, 

^^coAd  MSi?  0^  &70  mb  ob62Mfejd  by  A.econnal66ance. 
cuAcAalt,  12  OctobeA  7979,  00122.  {V^iSV  ImageAy] . 
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After  the  17th,  Tip  began  to  weaken  .as 
the  large  circulation  pattern  began  to 
shrink.  This,  together  with  the  effects  of 
a  mid- level  trough  moving  toward  Japan  from 
China,  caused  Tip  to  begin  tracking  north¬ 
ward.  By  the  18th,  he  was  accelerating  to* 
the  northeast  under  the  influence  of  the . 
increased  mid- level  southwesterlies. 

During  recurvature.  Tip  passed  within  35  nm 
(65  km)  of  Kadena  AB  on  Okinawa,  which 
reported  maximum  sustained  winds  of  38  kt 
(20  m/sec)  with  gusts  to  61  kt  (31  m/sec) . 

At  approximately  190100Z,  after  reaching 
a  forward  speed  of  between  35  and  45  kt 
(65  and  83  km/hr) ,  Typhoon  Tip,  with  maximum 
winds  of  70  kt  (36  m/sec) ,  made  landfall  on 
the  Japanese  island  of  Honshu,  about  60  nm 
(Ill  km)  south  of  Osaka.  Synoptic  and  radar 
data  from  stations  on  the  island  showed  that 
Tip  maintained  a  speed  in  excess  of  45  kt 
(83  km/hr)  as  he  passed  to  the  north  of  Tokyo 
and  eastward  into  the  Pacific  Ocean.  Accord¬ 
ing  to  satellite  imagery,  Tip  completed 
extratropical  transition  over  Honshu. 

The  extratropical  low  pressure  center 
(the  remnants  of  Tip)  maintained  winds  of 
storm  force,  48  kt  (25  m/sec) ,  until  the  21st 
when  it  moved  to  a  position  east  of  Kamchatka 
and  finally  began  to  fill  rapidly. 


^CAROL  L.  BELT,  ILT,  USAF:  Mission  ARWO. 


The  majority  of  the  severe  damage 
occurred  in  Japan  where  the  agricultural  and 
fishing  industries  sustained  losses  into  the 
millions  of  dollars.  Flooding  from  Tip’s 
rains  also  breached  a  fuel  retaining  wall  at 
Camp  Fuji,  west-northwest  of  Yokosuka.  The 
fuel  caught  fire  causing  68  casualties, 
including  11  deaths,  among  the  U.S.  Marines 
stationed  there. 

Considering  the  size  and  strength  of 
Super  Typhoon  Tip,  the  Western  Pacific  faired 
well.  Luckily,  the  maximum  intensity  was 
reached  while  the  system  was  still  far  from 
any  inhabited  areas.  The  potential  for  mass 
destruction  was  always  there,  but  from  a 
strictly  meteorological  standpoint,  Tip  was 
also  a  thing  of  great  beauty.  One  of  the 
Aerial  Reconnaissance  Weather  Officers 
stated,  shortly  after  she  returned  from  a 
mission,  that  "...the  second  penetration  was 
beyond  description.  This  is  unquestionably 
the  most  awe-inspiring  storm  I  have  ever 
observed.  In  the  2h  hours  that  transpired 
between  the  first  and  second  fixes,  the  moon 
had  risen  sufficiently  to  shine  into  the  eye 
through  an  8  nm  clear  area  at  the  top  of  the 
eyewall.  To  say  it  was  spectacular  is 
totally  inadequate. awesome  *  is  a  little 
closer. 
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SUPER  TYPHOON  VERA  (24) 


Vera,  the  fourth  and  final  super  typhoon 
of  1979,  originated  in  an  active  near- 
equatorial  trough  (NET)  which  extended 
through  the  Caroline  and  Marshall  Islands, 
Vera  was  first  analyzed  as  a  weak  surface 
circulation  100  nm  (185  km)  southeast  of 
Ponape  on  27  October  and  was  included  on 
JTWC’s  Significant  Tropical  Weather  Advisory 
(ABEH  PGTW)  for  the  next  4  days  as  it 
remained  in  the  NET.  Low-level  inf  low:  during 
this  period  was  split  between  several  weak 
eddies , 

By  300000Z,  synoptic  data  indicated  that 
the  low-level  inflow  was  now  concentrated 
into  the  developing  cyclone.  Meanwhile,  the 
convective  activity  increased  rapidly  over 
a  24-hour  period  from  310000Z  to  OlOOOOZ,  A 
Tropical  Cyclone  Formation  Alert  was  issued 
at  OlOOOOZ  November  based  on  increased 
upper- level  outflow  and  a  continued  decrease 
in  surface  pressure. 

Aircraft  reconnaissance  at  012100Z  found 
an  ill-defined  circulation  center  with  a 
central  pressure  of  1004  mb  and  estimated 
surface  winds  of  15  kt  (8  m/sec) .  Numbered 
warnings  began  at  0200002  based  on  an  im¬ 
proved  satellite  signature.  Rapid  intensi¬ 
fication  occurred,  and  TD  24  was  upgraded 
to  Tropical  Storm  Vera  6  hours  later.  Vera 
continued  to  intensify,  reaching  typhoon 
strength  by  0000 Z  on  3  November  while  190  nm 
(352  km)  south-southeast  of  Yap.  At  this 
time,  the  200  mb  analysis  revealed  that  a 
large  upper-ltevel  anticyclone,  previously 
located  northwest  of  Vera  at  OlOOOOZ,  was 
weakening  and  was  no  longer  restricting 
Vera*s  outflow  to  the  north.  By  0200002, 
the  anticyclone  situated  over  Vera  had 
become  the  dominant  upper- level  synoptic 
feature  over  the  western  Pacific. 

From  the  time  of  the  first  warning  until 
her  approach  to  the  Philippines  northeast  of 
Samar,  Vera  moved  on  a  virtually  straight 
west-northwest  track.  The  major  influence 
on  her  movement  was  the  unusually  strong 
mid -tropospheric  subtropical  ridge  over  the 
western  Pacific.  The  strength  of  the 
easterly  current  south  of  the  ridge  steered 
Vera  at  forward  speeds  of  20  to  22  kt 
(37  to  41  km/hr) — almost  twice  the  climato¬ 
logical  average — as  she  passed  35  nm  (65  km) 
south  of  Yap.  As  a  result,  although  JTWC's 
forecast  tracks  were  consistent  and  accurate, 
forecast  forward  speeds  lagged  behind  Vera’s 
actual  speeds.  The  underestimates  were 
considerable  during  the  early  stages  of 
acceleration. 


The  island  chain  began  restricting  low- 
level  inflow  as  Vera  continued  northwestward 
toward  northern  Luzon.  Vera  made  landfall 
north  of  Tarigtig  Point  packing  winds  of 
90  kt  (46  m/sec) . 

After  landfall,  the  onset  of  enhanced 
low-level  northeasterly  flow  over  the  Taiwan 
Straits  coupled  with  strong  upper-level 
southwesterlies  over  the  Philippines  resulted 
in  vertical  disorganization  and  rapid  weaken¬ 
ing  of  Vera.  Radar  and  aircraft  reports 
indicated  the  low-level  circulation  continued 
to  track  northwestward  over  the  Cagayan  River 
valley  and  exit  into  the  South  China  Sea  near 
Culili  Point  south  of  Laoag,-  The  upper- level 
circulation  sheared  off  near  Tuguegarao  and 
was  tracked  using  satellite  imagery  northward 
over  Aparri  then  east-northeastward  into  the 
Philippine  Sea.  Surface  synoptic  and  ship 
reports  at  070000Z  indicated  that  a  secondary 
surface  center  existed  near  Baguio.  At  the 
same  time,  the  primary  center  was  crossing 
the  Cordillera  Central  Mountain  range  95  nm 
(176  km)  to  the  north  (Fig.  3-24-1) . 

After  exiting  into  the  South  China  Sea, 
the  strong  northeast  monsoon  flow  accelerated 
Vera  southwestward ,  and  the  final  warning 
was  issued  at  1200Z  on  the  7th  downgrading 
Vera  to  a  tropical  depression. 


•/" 


Vera  continued  to  intensify  during  her 
west-northwestward  acceleration  and  reached 
super  tiyphoon  intensity  only  18  hours  after 
being  upgraded  to  a  typhoon.  Reconnaissance 
aircraft  reports  indicated  Vera  maintained 
super  typhoon  strength  for  over  24  hours 
before  weakening  as  she  approached 
Catanduanes  Island,  The  peak  wind  reported 
on  Catanduanes  Island  was  50  kt  (26  m/sec) 
at  051200Z  as  Vera  passed  just  off  the  coast. 


FIGURE  3-24-1.  TAack^  and  uppeA-ldveZ 

c&nteAJ)  a^teA.  the  uppeA-level  6keaAed  oveA 
noAXheAn  Uizon,  SynopXic.  and  ihtp  AepoAXi  cut  0700001 
hlovmbeA  XncUcjite  ^eeondoAy  low-leveZ  centeA  nzoA 
BagiUo  ibJMO  9S32S}  {tndlccuted  by  a  itoA) ,  The 
070000Z  (LoyiteA  po^iXlons  OAe  Xndicjcuted  by  i^oUA 
iiiAjod  4pee<iA  oAn  Ia  biotA. 
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tropical  storm  WAYNE 


Tropical  Strom  Wayne  was  first  detected 
as  a  mid-level  circulation  on  satellite 
imagery  in  early  November.  Figure  3-25-1 
shows  the  broad  cloud  structure  associated 
with  the  system.  Aircraft  reconnaissance 
around  this  period  showed  that  the  distur¬ 
bance  was  most  developed  at  mid-levels, 

Wayne  moved  northward  initially  and  began 
developing  a  more  definitive  surface  circu¬ 
lation  which  became  evident  in  synoptic  data 
on  7  November.  Wayne  lasted  only  a  relative¬ 
ly  short  time/  but  he  still  proved  to  be  one 
of  the  more  difficult  storms  to  forecast  for 


JTWC*s  first  forecasts  called  for 
recurvature.  They  were  based  on  the  080000Z 
November  500  mb  synoptic  situation  which 
showed  a  weakness  in  the  subtropical  ridge 
with  westerlies  extending  south  to  23°N 
latitude.  Steering  flow  at  all  levels, 
however,  was  not  consistent  and  strong  low- 
level  easterlies  prevented  Wayne  from 
recurving  toward  the  east.  On  9  November,  an 
extratropical  system  with  accompanying 
surface  frontogenesis  developed  north  of 
Wayne.  This  caused  a  break  in  the  otherwise 
persistent  easterly  flow  and  Wayne  began  to 
track  northward.  JTWC  forecasts  again 
reflected  recurvature  and  called  for  early 
dissipation  due  to  the  strong  shear  from 
low-level  easterlies  and  upper-level 
westerlies.  The  extratropical  system  moved 
rapidly  eastward  bypassing  Wayne.  By 
11  November,  strong  northeasterlies  had  once 
again  been  established,  and  Wayne  turned 
back  to  the  west,  ultimately,  tracking 
west- southwest  toward  the  central 


Philippines.  At  the  same  time,  strong  shear 
did  weaken  Wayne  as  it  tracked  toward  the 
Philippines  (Figure  3-25-2)  and  dissipation 
occurred  as  he  made  landfall  over  Luzon. 


FIGtlRE  3-25>2,  TAoplcxit  StoAm  Waynt  wmk£,yiing  due.  to 
^>tAong  06  XZ  a:ppKoa.eked  the  PkitLpptne6 

J2  KovembeA  1979,  Cl 001,  {VMSP  * 


flGUPB  3-25-7.  Vt6tuA.banae^6tage  JAjopteal  StoAm 
Wa^ne  when  the  6^6tm  wa6  moiinly  o  mld-tevet  CyOicuZa- 
tton,  6  NovmbeA  1979,  120B1,  {VfASP  AnageAy] 
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TROPICAL 
DEPRESSION  26 
BEST  TRACK  TC-26 
01  DEC-02  DEC  1979 
MAX  SFC  WIND  30  KTS 

MINIMUM  SLP  998 MBS 

T  ■  r 

t  ■■■■"■  ■  - 


tropical  depression  26 


FIGURE  5~26-U  TfLOplacit  26  developed 

no^ith-nofvthzii&t^  thz  T/iuk  l6Zcind&  and  CLppojVLzd  Xjo 
bz  thz  6iviiacz  fizllexitlon  o^  a  mid-lzvzt  calculation. 
Su/L^acz  data  6uggeAt  the  exUtznce  a  mak  clficula- 
tlon  400  m  {741  km]  noKtkeoAt  Tropical  VQjpWi6ton 
26  and  a  b/Load  ciAculatlon  {Typhoon  Abby]  to  the 
4>oatkeja6t,  29  NovembeA  1979,  22S5Z.  {VMS?  tmagcAy]  ■ 


FIGURE  3-26-3.  Jfiopical  Vep^z&ilon  26  paa^zd  weat  oX 
mAzaa  UUnd  and  mcAgzd  mtk  an  zxtMtnxjplcjol  iKontai 
boundary.  Tuoplcjxl  Vzp^z&alon  26  ahcjoaizd  In  tkz  vzA- 
tA,cal  mXk  thz  low-lzvzt  zxpoazd  aufi^acz  cVLCulatijOn 
A^emeurUng  on  the  wzateAn  edge  the  convzcXton. 

2  VtcmbcK  1979,  00361.  fPMSP  ImageAy] 


FIGURE  3-26-2.  Ta,o pleat  VepAzaaton  26  dzvzCopzd  an 
Idzntc^tablz  aiui^acz  CAAaxlation  and  Intznat^tzd  aa 
It  tnackzd  noAth-noAthozatwofid.  A  afUp,  tAanalting 
tkz  oAca,  paaazd  thAougk  thz  atoAm  czntzA  and 
AzpoAtzd  35  [IS  m/aze]  uxinda  In  kzavy  ahovoc/ia. 
Baaed  on  aynoptic  data,  thz  ilnat  ukVuUng  una  laauzd 
on  TAoptcal  VzpAzaalon  26,  but  35  kt-oA-gAzatzA  uknda 
lozAz  nzyzA  AzpoAted  agatn.  Tkia  photo  ahom  TAoplcal 
VzpAzaalon  26  at  Ita  maximuHn  conozctlvz  Intznalty 
30  NovcmbzA  1979,  22372.  {VMS?  tmagzAy) 
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TYPHOON  ABBY 


(27) 


Abby,  the  last  typhoon  of  the  1979 
season;  developed  over  the  Marshall  Islands 
during  early  Decetnber.  Abby  proved  to  be  an 
unusual  cyclone  in  several  ways.  Throughout 
much  of  Typhoon  Abby's  existence,  Abby  was 
not  vertically  aligned.  Aircraft  reconnais¬ 
sance  located  the  mid-level  circulation 
center  displaced  as  much  as  55  nm  (102  km) 
from  the  surface  center.  At  one  point/  two 
centers  were  identified;  a  point  to  be  dis¬ 
cussed  later.  In  addition,  Abby  fluctuated 
between  tropical  depression  and  tropical 
storm  strength  several  times  before 
reaching  typhoon  strength  10  days  after 
formation. 

Within  24  hours  of  the  first  warning, 
aircraft  reconnaissance  observed  surface 
winds  of  45  kt  (23  iti/sec)  and  a  sea-level 
pressure  of  996  mb.  The  surface  and  700-nib 
centers  were  displaced  by  12  nm  (22  km) . 

Abby  continued  to  intensify  to  60  kt 
(31  m/sec)  on  4  October  while  increasing  the 
displacement  between  the  surface  and  700-mb 
centers . 

Abby  deviated  from  a  westward  track  to 
a  north-northwestward  track  on ’ 3  December 
with  a  reduced  forward  .speed  of  movement. 

The  temporary  northward  movement  was  asso¬ 
ciated  with  a  deepening  mid-tropospheric 
trough  which  moved  rapidly  northeastward 
away  from  Japan  on  1  December,  Abby  resumed 
a  westward  track  with  increased  forward  speed 
after  the  trough  axis  passed  east  of  Abby 
late  on  the  3rd. 

All  available  information  (climatology, 
analog  aids,  analyses  and  numerical  fore¬ 
casts)  indicated  continued  intensification  as 
Abby  tracked  towards  Guam.  This  expected 
intensification  was  reflected  in  JTWC  warn¬ 
ings  during  this  period.  However/  the 
opposite  occurred.  As  Abby  moved  west  of 
Truk,  she  weakened  to  less  than  tropical 
storm  strength.  An  upper  tropospheric  anti¬ 
cyclone  north  of  Abby  restricted  Abby*s 
outflow  and  resulted  in  the  observed  weaken¬ 
ing  (Fig,  3-27-1) .  By  7  December,  Abby 
reintensified  to  minimum  tropical  storm 
strength  as  she  moved  westward  and  away  from 
the  influence  of  the  restricting  anticyclone. 
Abby  then  tracked  west-northwestward  under 
the  influence  of  a  mid-tropospheric  long-wave 
trough  oriented  along  14 2E.  As  the  trough 
moved  east  of  Abby,  the  subtropical  mid- 
tropospheric  ridge  again  built  eastward, 
providing  a  mechanism  which  steered  Abby 
towards  the  west-southwest.  During  the  8th, 
Abby  once  again  weakened  to  less  than 
tropical  storm  strength  and  increased  her 
forward  speed  of  movement. 

Abby  was  not  vertically  aligned  from 
the  issuance  of  the  first  warning  through 
the  9th.  On  the  9th,  aircraft  reconnaissance 
making  a  supplemental  fix  at  0617Z  observed 
that  Abby  possessed  multiple  700  mb  centers. 
By  the  time  of  entry  into  Abby  for  a  levied 
0830Z  fix,  only  one  well  organized,  intensi¬ 
fying  center  was  found.  The  following  is  a 
storm  mission  summary  by  the  Aerial  Recon¬ 
naissance  Weather  Officer  (ARWO) ,  who  made 
the  double  penetration  into  Abby:  "This 
mission  started  out  as  a  normal  fix  but  ended 

TJGISRE  3-27-1  ^  on  £ottot/ixing  page,. 


up  being  unusual.  On  our  way  inbound  for 
the  supplemental  fix,  there  was  no  problem 
reading  winds  at  flight  level  or  on  the 
surface.  Winds  were  20-25  kt  the  entire 
way.  An  area  of  thunderstorm  activity 
became  visible  ahead  of  us.  As  we  neared 
it,  the  doppler  indicated  that  the  700  mb 
center  was  in  the  middle  of  the  thunderstorm. 
Not  eager  to  go  find  this  out,  we  went  back 
to  find  the  surface  center.  Enroute,  we  saw 
surface  winds  in  excess  of  35  kt  which  led 
us  to  a  fairly  disorganized  surface  center 
just  east  of  the  main  thunderstorm.  Over  it 
was  a  fairly  small  light  and  variable  wind 
center.  Radar  showed  little  curvature  in 
the  shower  pattern,  but  the  surface  winds 
did  indicate  a  weak  circulation  existed  at 
this  first  position.  No  weather  existed  to 
the  east  of  our  first  fix,  and  this  position 
was  right  on  the  JTWC  forecast  track.  On 
the  second  fix,  things  had  changed.  As  we 
came  in  the  second  time,  we  encountered 
considerable  precipitation.  Doppler  and 
search  radar  indicated  a  center  with  a 
possible  wall  cloud  forming  considerably 
west  of  our  first  fix.  Winds  were  stronger 
at  flight  level  and  we  penetrated  a  wall 
cloud  of  about  80%  coverage.  When  we  broke 
through,  we  encountered  our  strongest  winds 
at  flight  level.  The  surface  center  was 
under  the  eastern  wall  cloud  with  a  small 
light  and  variable  wind  center  at  700  mb 
centered  in  the  eye.  Lightning  started  in 
the  eastern  wall  cloud  and  spread  around  the 


FIGURE  3-27-2.  Typhoon  Abby* 4  out^lou)  eenteu 

am  imiicjated  by  a/Uiom,  9  PejimboA.  \919,  C744Z* 
IVMSP  imagviy)  f^uAe  3-27-7  Z6  on  nexX  page. 


eye.  Our  drop  was  made  as  close  to  the 
surface  center  as  was  possible  and  indicated 
a  good  988  mb  sea-level  pressure.  The  700 
mb  height  was  down  72  meters  from  the  first 
fix.  The  positions  were  85  miles  apart 
causing  me  to  believe  that  two  centers 
existed  for  a  short  time  with  the  latter 
becoming  the  predominate  one ,  The  pressure 
profile  seems  to  indicate  this  theory,,.. 
Satellite  imagery  at  090144Z  also  indicated 
the  possible  existence  of  multiple  outflow 
centers  (Fig.  3-27-2) .  While  Abby  was 
reorganizing  into  a  single  center,  she 
began  to  reintensify  to  tropical  storm 
strength.  By  the  10th,  Abby  had  attained 
typhoon  strength  which  made  her  the  last 
typhoon  of  the  decade. 

A  mid-tropospheric  short-wave  trough 
moved  from  mainland  China  into  the  Sea  of 
Japan  and  deepened  on  the  10th.  In  response 
to  the  short-wave  trough,  the  subtropical 
mid-tropospheric  ridge  again  receded  east¬ 
ward  north  of  Abby.  The  interaction  of 
these  two  synoptic  features  allowed  Abby  to 
again  track  northwest.  On  the  11th,  Typhoon 
Abby  recurved  in  response  to  another  mid- 
tropospheric  short-wave  trough,  which 
extended  further  south  than  the  trough  on  ■ 
the  10th.  This  last  trough  in  the  series 
moved  into  the  northern  part  of  the  South 
China  Sea  and  deepened,  causing  Abby  to 
finally  follow  a  recurvature  track. 

Typically,  recurving  typhoons  have 
their  maximum  intensities  either  less  than 
12  hours  after  recurvature  or  prior  to 
recurvature  (Riehl,  1971).  Abby,  however, 
did  not  reach  maximum  intensity  until  36 
hours  after  recurvature.  By  13  December, 

Typhoon  Abby  reached  maximum  intensity  of 
110  kt  (57  m/sec)  with  a  minimum  sea-level 
pressure  of  -951  mb  (Fig.  3-27-3) .  As  Abby 
continued  toward  the  east-northeast,  she 
approached  a  regime  of  very  strong  westerlies 
in  the  middle-and  upper-troposphere.  The 
strong  westerlies  induced  Abby’s  acceleration 


^CHARLES  B.  STANFIELD,  Capt,  USAF:  Mission 
ARWO. 


and  rapid  weakening.  Abby  dissipated  on  the 
14th  due  to  strong  vertical  shear  between  the 
surface  and  middle  levels. 


FIGl/RF  3-Z7-3,  Typhoon  Abby  jii&t  JLe.<ni^vatuAe., 

12  VecmbeA  1979,  00212,  [V^P  ^agCAy) 
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TROPICAL  STORM  BEN  (28) 


FZGtJRE  S-2S-1,  TJtopZcal  Stofim  Ben  at  40  kt 
{21  m/4ec)  tnt^mtty,  21  October  1979,  00592. 

Ben  uxu  thz  lojit  tAoptcaZ  cycZonz  tn  tkz  we^teTcn 
No^  Pactitc  duAtng  7979.  [V(AS?  tmagzAy] 
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2.  NORTH  INDIAN  OCEAN  TROPICAL  CYCLONES 


During  1979,  7  significant  tropical 
cyclones  occurred  in  the  North  Indian  Ocean 
area  (Table  3-3) .  As  usual,  the  transition 


seasons  between  the  northeast  and  southwest 
monsoon  periods  were  the  favored  "cyclone 
seasons"  (Table  3-4) .  This  was  an  above 
normal  season  with  most  activity  occurring 
during  the  fall  transition  period. 


TABLE  3-3  NORTH  INDIAN  OCEAN 


1979  SIGNIFICANT  TROPICAL  CYCLONES 


CALENDAR 

MAX 

EST 

NUMBER 

DAYS  OF 

SFC 

MIN 

OF 

DISTANCE 

CYCLONE 

PERIOD  OF  WARNING 

WARNING 

SLP 

WARNINGS 

TRAVELLED 

TC  17-79 

06  MAY- 12  MAY 

7 

85 

967 

26 

1267 

TC  18-79 

18  OUN-20  JUN 

3 

50 

985 

12 

581 

TC  22-79 

21  SEP-23  SEP 

3 

25 

lOOO 

10 

694 

TC  23-79 

21  SEP-25  SEP 

5 

55 

980 

14 

1108 

TC  24-79 

29  OCT-01  NOV 

4 

35 

995 

13 

720 

TC  25-79 

16  NOV-17  NOV 

2 

40 

994 

8 

547 

TC  26-79 

23  NOV-25  NOV 

3 

30 

995 

10 

1071 

1979  TOTALS 

24* 

93 

♦OVERLAPPING  DAYS  INCLUDED  ONLY  ONCE  IN  SUM. 


TABLE  3-4. 

1979  SIGNIFICANT  TROPICAL  CYCLONE  STATISTICS 


NORTH 


nurM  J 1 

INDIAN  OCEAN 

JAN 

FEB 

MAR 

APR 

MAY 

JUN 

JUL 

AUG 

SEP 

OCT 

NOV 

DEC 

TOTAL 

ALL  CYCLONES 

0 

0 

0 

0 

1 

1 

0 

0 

2 

1 

2 

0 

7 

(1971-78)  AVERAGE* 

0.1 

0 

0 

0.3 

0.5 

0.3 

0 

0 

0.4 

0.8 

1.4 

0.3 

4 

FORMATION  ALERTS  7  of  the  8  {87%)  Formation  Alert  Events  developed  into  numbered  cyclones. 


WARNINGS  Number  of  warning  days:  25 

Number  of  warning  days  with  2  cyclones:  3 
Number  of  warning  days  with  3  or  more  cyclones:  0 


♦From  1971  through  1974,  only  Bay  of  Bengal  cyclones  were  considered;  the  JTWC  area  of  responsibility  was 
extended  in  1975  to  include  Arabian  Sea  cyclones. 
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INDIAN  OCEAN 
TROPICAL  CYCLONES 
1979 


5CP  55°  60°  65°  7D°  75°  QCP 
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1/62  (NEW  2-76) 


TC  17-79 


TC  17-79  was  the  only  significant  tropi¬ 
cal  cyclone  in  the  Bay  of  Bengal  during  the 
1979  spring  transition  season.  Attaining 
typhoon  intensity,  TC  17-79  was  the  most 
destructive  cyclone  in  India  since  TC  22-77 
(Nov  1977)  which,  coincidentally,  followed 
a  similar  track , 

A  Tropical  Cyclone  Formation  Alert  and 
the  first  warning  were  precipitated  by  synop¬ 
tic  reports  received  from  ships  participating 
in  the  First  GARP  Global  Experiment  (FGGE) . 

At  1200Z  on  6  May,  these  ships'  observations 
defined  a  cyclonic  circulation  near  07N-088E 
with  reported  surface  pressures  near  1003  mb 
and  wind  speeds  of  20-25  kt  (10-12  m/sec) . 

The  first  warning  on  TC  17-79  was  issued  at 
061507Z. 

From  060000Z  through  061200Z,  a  strong 
mid-tropospheric  ridge  extended  westward 
along  15N  with  southeast  steering  flow  domi¬ 
nating  TC  17-79 *s  movement.  During  the  same 
time  period,  a  short-wave  trough,  evident  at 
both  middle  and  upper  levels ,  was  deepening 
over  India.  Interaction  between  this  ridging 
and  troughing  resulted  in  a  loss  of  defini¬ 
tive  steering  flow  in  the  vicinity  of 
TC  17-79,  producing  an  erratic  north  and  then 
south  track.  Also  during  this  time,  TC  16-79 
located  in  the  southern  Indian  Ocean  about 
750-800  nm  (1389-1481  km)  to  the  southwest. 


FIGURE  3-29.  TC  J7-79  mXh  wztt-de,^lnzd  latMUa 
6X^vuvtu/Lt  du/Ung  tko,  oAnatlc  aycZoyiit  loop,  $  Moi/ 
1979,  05U1.  [Vt^P  InagzAy  (Jtorn  AFGWC,  OUuU  AFB, 


began  tracking  slowly  to  the  southeast  pos¬ 
sibly  initiating  a  Fujiwhara  type  interac¬ 
tion. 

By  080000Z,  a  mid-level  anticyclone  had 
formed  in  the  northern  Bay  of  Bengal  with 
east-northeasterly  steering  flow  over  TC  17- 
79  resulting  in  a  west-southwest  forecast 
track.  From  080000Z  through  090000Z,  while 
TC  17-79  intensified  (Fig.  3-29) ,  the  domi¬ 
nant  steering  flow  shifted  to  the  south  then 
southeast  as  the  mid- level  ridge  was  replaced 
by  a  trough  and  the  upper-level  trough  dug 
southward  over  India,  As  a  result  of  this 
shift  in  steering  flow,  TC  17-79  executed  a 
tight  cyclonic  loop  from  080000Z  to  0818002, 
From  7  through  9  May,  though  satellite  fix 
position  accuracies  improved  due  to  the 
formation  of  a  well-defined  eye,  forecast 
errors  increased  appreciably  due  to  the  erra¬ 
tic  movement. 

By  091200Z,  southeast  steering  flow  be¬ 
came  dominant  with  TC  17-79  oscillating  about 
a  northwest  track  until  making  landfall  over 
India  (Fig,  3-30) .  TC  17-79  struck  the  east 
central  coast  of  India  at  120800Z,  45  nm 
(83  km)  north  of  Nellore  with  maximum  sus¬ 
tained  winds  of  80  kt  (41  m/sec) .  Twenty-one 
deaths  occurred- and., over  800,000  persons  were 
left  homeless  as  a  result  of  TC  17-79 's 
passage  over  the  Nellore  district. 


FIGURE  3-30.  TC  f7-79  jiut  p/UoA.  io  moftcng  liyid^ali 
oveA  exiiit  cenOuit  India  uxitk  ^0  kt  (4?  m/4ec) 
intznUty,  72  Moi/  1979,  0SS61.  [Vl^P  tmagoAy  iAom 
APOUC,  OUiUt  AFB,  Utbnaika) 
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BAHRAIN 
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d08  oOi  o<59  o09  _ o99 _ £2_ 


TC  18-79 


TC  18-79  began  171400Z  June  1979  as  a 
monsoon  depression  in  the  Arabian  Sea  and 
tracked  virtually  westward  throughout  its 
life#  finally  dissipating  over  the  Oman  coast 
(Fig.  3-31).  Although  TC  18-79 's  movement 
was  confined  to  a  narrow  2- degree  latitudinal 
band#  the  extent  of  the  meteorological  hazard 
from  gale  force  winds  encompassed  roughly 
half  of  the  Arabian  Sea,  These  gale  force 
winds  were  produced  by  the  interaction  of 
TC  18-79  with  the  normal  southwest  monsoonal 
flow  over  the  Arabian  Sea. 

During  this  season/  a  climatological 
low-level  wind  maximum  develops  off  the  coast 
of  Somali.  Normal  wind  speeds  can  reach  35- 
40  kt  (18-21  m/sec) ,  but  the  gale  area  is 
generally  localized  near  the  coast.  However, 
beginning  2  days  prior  to  TC  18-79 's  forma¬ 


tion,  a  surge  in  the  monsoonal  flow  occurred 
and  a  low-level  jet  could  be  traced  from  the 
.Somali  coast  extending  eastward  across  the 
entire  Arabian  Sea.  The  strength  and  per¬ 
sistence  of  this  feature  aided  the  formation 
of  TC  18-79  in  the  cyclonic  shear  side  of  the 
wind  maximum.  As  TC  18-79  intensified  and 
moved  westward,  the  southwesterly  flow 
strengthened  to  a  point  where  65  kt  (33  m/ 
sec)  surface  winds  were  observed  600  nm 
(1111  km)  away  from  TC  18-79 *s  center. 
Examination  of  the  visual  data  of  Figure 
3-31  shows  cloud  streets  indicative  of  this 
strong  low-level  flow  from  05N  to  12N  between 
55E  to  62E.  The  gale  area  persisted  during 
TC  18-79 *s  dissipation  over  land,  weakening 
gradually  with  time.  Interestingly,  post¬ 
analysis  reveals  the  maximum  winds  in  the 
gale  area  exceeded  the  maximum  sustained 
winds  estimated  in  TC  18-79 *s  center. 


FIdtiRE  3“3I.  TC  1S-79  loccuted  jtut  oU  Oman  cocut 
vilth  gale  ^CAcc  udnds  to  the  J^oath,  20  June  1^79, 
07312.  SupZAtmp06cd  a/ic  ^fUp  obseA-vattoru  at  2006002, 
(WtSP  tmagcAy  {^fiom  AFGWC,  AFB,  Utbfuuk^] 
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TC  26-79 


3-3?.  rc  26-79  oi  an  exposed  Zow-leveZ  cuacu- 
j^on,  24  NovembeA  J979,  04552,  (VMSP  MnaocAi/  /Aom 
AFGWC,  O^^cLtt  AfE,  Wefamfea}  6 
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CHAPTER  EC  SUMMARY  OF  FORECAST  VERIFICATION 


1.  ANNUAL  FORECAST  VERIFICATION 


a.  Western  North  Pacific  Area 

Forecast  positions  at  warning  times 
and  24-,  48-,  and  72-hour  valid  times  were 
verified  against  corresponding  best  tracks. 
Vector  errors  and  right  angle  errors  for 
individual  tropical  cyclones  were  calculated 


and  are  displayed  in  Table  4-1,  Annual  mean 
errors  for  all  tropical  cyclones  are  listed 
in  Table  4-2  for  comparison.  Frequency 
distributions  of  the  vector  errors  for  24-, 
48-,  and  72-hour  forecasts  on  all  1979 
tropical  cyclones  are  shown  in  Figure  4-1. 
Annual  mean  vector  errors  are  graphed  in 
Figure  4-2. 


r 

TABLE  4-1. 

FORECAST  ERROR 

SUMMARY 

FOR  THE 

1979  WESTERN  NORTH 

PACIFIC  SIGNIFICANT  TROPICAL 

CYCLONES . 

1 

WARNING 

24  HOUR 

48  HOUR 

72  HR 

1 

POSIT 

RT  ANGLE 

— r~ 

POSIT 

RT  ANGLE 

« 

PhSiiV 

RT  ANGLE 

# 

POSIT 

RT  ANGLE 

» 

■  CYCLONE 

ERROR 

ERROR 

WRNGS 

ERROR 

ERROR 

WRNGS 

ERROR 

ERROR 

WRNGS 

ERROR 

ERROR 

WRNGS 

1. 

TY  ALICE 

18 

11 

51 

105 

83 

47 

222 

175 

43 

338 

271 

39 

2. 

TY  BESS 

19 

15 

21 

114 

73 

17 

265 

164 

13 

348 

240 

9 

3. 

TY  CECIL 

15 

11 

40 

87 

62 

37 

191 

131 

33 

320 

215 

29 

4. 

TS  DOT 

23 

16 

24 

130 

79 

23 

244 

171 

20 

315 

257 

16 

5. 

TD-05 

12 

12 

6 

158 

150 

3 

6. 

TY  ELLIS 

25 

21 

22 

71 

57 

18 

145 

103 

14 

185 

113 

10 

7. 

TS  FAYE 

35 

21 

20 

138 

86 

17 

167 

93 

14 

180 

99 

10 

8. 

TD-08 

43 

20 

5 

195 

70 

4 

396 

396 

1 

9. 

TS  GORDON 

23 

12 

13 

129 

90 

9 

173 

121 

5 

449 

278 

1 

10. 

TS  HOPE 

23 

16 

33 

134 

75 

29 

266 

140 

23 

376 

188 

21 

11. 

TD-11 

47 

30 

14 

144 

94 

10 

138 

89 

6 

171 

129 

2 

12. 

TY  IRVING 

26 

17 

38 

163 

98 

34 

286 

209 

30 

441 

344 

26 

13. 

ST  JUDY 

18 

12 

39 

105 

81 

36 

173 

138 

27 

277 

213 

23 

14. 

TD-14 

33 

19 

9 

157 

43 

5 

296 

118 

1 

15. 

TS  KEN 

29 

13 

13 

116 

60 

10 

278 

111 

7 

415 

195 

3 

16. 

TY  LOLA 

16 

10 

23 

88 

64 

21 

172 

148 

19 

287 

236 

14 

17. 

TY  MAC 

23 

16 

35 

93 

66 

27 

196 

152 

19 

279 

227 

19 

18. 

TS  NANCY 

28 

19 

14 

116 

86 

9 

216 

186 

4 

227 

219 

1 

19. 

TY  OWEN 

25 

15 

37 

146 

78 

33 

250 

158 

29 

327 

256 

25 

20. 

TS  PAMELA 

28 

22 

6 

254 

15 

2 

21. 

TS  ROGER 

32 

19 

16 

195 

93 

13 

251 

108 

9 

303 

17  8 

4 

22. 

TY  SARAH 

26 

16 

43 

61 

40 

39 

110 

86 

34 

143 

107 

27 

23. 

ST  TIP 

24 

15 

60 

135 

69 

56 

259 

142 

52 

345 

214 

48 

24. 

ST  VERA 

43 

20 

23 

148 

69 

19 

249 

111 

15 

385 

247 

11 

25. 

TS  WAYNE 

27 

14 

22 

170 

115 

16 

362 

295 

12 

443 

413 

4 

26. 

TY  ABBY 

31 

17 

52 

164 

108 

48 

286 

198 

39 

338 

215 

26 

27. 

TD-26 

21 

16 

6 

55 

28 

3 

28. 

TS  BEN 

34 

18 

10 

81 

89 

6 

287 

16 

2 

ALL 

FORECASTS 

25 

16 

695 

124 

77 

591 

226 

151 

471 

316 

223 

368 

TABLE  4-2.  ANNUAL  MEAN  FORECAST  ERRORS  FOR  THE  WESTERN  NORTH  PACIFIC. 


24-HR  48-HR  72-HR 


YEAR 

VECTOR 

RIGHT  ANGLE 

VECTOR 

RIGHT  ANGLE 

VECTOR 

RIGHT  ANGLE 

1971 

111 

64 

212 

118 

317 

177 

1972 

117 

72 

245 

146 

381 

210 

1973 

108 

74 

197 

134 

253 

162 

1974 

120 

78 

226 

157 

348 

245 

1975 

138 

84 

288 

181 

450 

290 

1976 

117 

71 

230 

132 

338 

202 

1977 

148 

83 

283 

157 

407 

228 

1978 

127 

75 

271 

179 

410 

297 

1979 

124 

77 

226 

151 

316 

223 
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(ninin>n  tiQ  JOH'WSCZ  c«mw>n  tiQ  WWWJCZ  jflHTV»n  -nQ  jomoiJCZ 


100  200  300  400  500  600  700  800  900  1000  1100 

NAUTICAL  MILE  EftKOS 


FIGURE  4-7.  F^ie^ueno/  dUtnJJiiLtLon  oi  1979  24^,  4S-,  and  72-houA  ^0A.eccu>t  vector  e;iA0A6  ^ojl  all  ^^lUilcant 
l/LOpical  Ci/clon&&  In  the,  weJ>teAJfi  HohXk  Vacyilic, 
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FIGURE  4-2.  AnnuaZ  yedtoA.  vuiofUi  {m]  aJU  cycloneji  ^  the.  wz^tzAn  No^Xk  Pacx^c. 
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Intensity  verification  statistics 
for  all  significant  tropical  cyclones  in  the 
western  North  Pacific  area  are  depicted  in 
Figures  4-3  and  4~4.  The  average  absolute 
magnitude  of  the  intensity  error  as  well  as 
the  intensity  bias  (algebraic  average)  are 
graphically  depicted.  An  analysis  of  the 
errors  indicates  that  JTWC  intensity  fore¬ 
casts  often  lag  true  intensity.  In  intensi¬ 


KTS 


FIGURE  4-3,  CompoMon  o{  aveJiag^  intzvi^AXy  eAAon^ 
{magyuXude.)  lo^  aJU,  cycZone^  in  the 
we^teAn  NoAth  Pacific, 


fying  situations,  JTWC  underforecasts,  while 
in  weakening  situations  JTWC  over forecasts. 
This  causes  a  large  average  magnitude  error, 
but  a  small  average  bias.  Verification  of 
intensity  forecasts  by  objective  aids  is 
also  depicted  in  Figures  4-3  and  4-4,  (An 
explanation  of  the  objective  forecasting 
aids  is  found  in  this  chapter.  Section  2- 
Comparison  of  Objective  Techniques.) 


KTS 


FIGURE  4-4,  CompexAi6on  avwigc  intonitiXy  oAnofu 
{bia6c&]  ait  cyctoncii  in  the 
Wo/rtk  Pacific, 
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b«  North  Indian  Ocean  Area 

Forecast  positions  at  Warning  times 
and  24-,  48-,  and  72-hour  valid  tiroes  were 
verified  by  the  same  methods  used  for  the 
western  North  Pacific  area.  Table  4-3  is 
the  forecast  error  summary  for  the  signifi¬ 
cant  tropical  cyclones  in  the  North  Indian 


Ocean  area.  Table  4-4  contains  the  annual 
average  of  forecast  errors  back  through  1971 
Vector  errors  are  plotted  in  Figure  4-5. 
Seventy- two  hour  forecast  errors  were 
evaluated  for  the  first  time  in  1979. 


verified. 


Forecast  intensities  were  not 


TABLE  4-3.  FORECAST  ERROR  SUMMARY  FOR  THE  1979  NORTH  INDIAN  OCEAN 
SIGNIFICANT  TROPICAL  CYCLONES. 


72  HOUR 
RT  ANGLE 
ERROR 


TABLE 

4-4.  ANNUAL  MEAN  FORECAST  ERRORS  FOR 

THE  NORTH  INDIAN 

OCEAN  (the 

Arabian  Sea 

was 

not  included  prior 

to  1975). 

24-HR 

48-HR 

7  2 -HR 

YEAR 

VECTOR 

RIGHT  ANGLE 

VECTOR 

RIGHT  ANGLE 

VECTOR 

RIGHT  ANGLE 

1971 

232 

- 

410 

- 

- 

- 

1972 

224 

101 

292 

112 

- 

1973 

182 

99 

299 

160 

- 

- 

1974 

137 

81 

238 

146 

- 

- 

1975 

145 

99 

228 

144 

- 

1976 

138 

108 

204 

159 

;  1977 

122 

94 

292 

214 

1978 

133 

86 

202 

128 

— 

— 

'  1979 

151 

99 

270 

202 

437 

371 

FIGURE  4-5.  AnyiuaZ  mean  eAAOA^  Im]  ioK  aXZ  cyclonOM  in  the  UoAXk  Indian  Ocean. 
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2.  COMPARISON  OF  OBJECTIVE  TECHNIQUES 

a .  General 

Objective  techniques  used  by  JTWC 
are  divided  into  four  main  categories: 

(1)  climatological  and  analog  techniques; 

(2)  extrapolation;  (3)  steering  techniques? 
and  (4J  a  dynamic  model.  The  analog  tech¬ 
nique  provides  three  movement  forecasts : 
one  for  straight  moving  cyclones,  one  for 
recurving  cyclones  and  one  which  combines 
the  tracks  of  straight,  recurving  and 
cyclones  that  do  not  meet  the  criteria  of 
straight  or  recurving  analogs.  All  tech¬ 
niques  were  executed  using  the  operational 
data  available  at  warning  time. 

b.  Description  of  Objective  Techniques 

(1)  TYFN75  -  Analog  program  which 
scans  history  tapes  for  cyclones  similar 
(within  a  specified  acceptance  envelope)  to 
the  current  cyclone.  Three  24-,  48-,  and 
72-hour  position  and  intensity  forecasts  are 
provided  (straight,  recurve  and  combined) , 

(2)  KOHATT  700/500  -  Steering 
program  which  advects  a  point  vortex  on  a 
preselected  analysis  and  smoothed  prognostic 
field  at  designated  levels  in  6-hour  time 
steps  through  72  hours.  Utilizing  the  pre¬ 
vious  12-hour  history  position,  MOHATT  com¬ 
putes  the  12-hour  forecast  error  and  applies 
a  bias  correction  to  the  forecast  position. 

(3)  TCM  -  The  Tropical  Cyclone 
Forecast  model  is  a  coarse  mesh  (220  km)  PE 
Model,  with  the  digitized  storm  warning 
position  bogused  in  the  850  mb  wind  and 
temperature  fields  of  the  FLENUMOCEANCEK 
Global  Band  Analysis.  Hemispheric  forecast 
data  are  used  on  the  boundaries . 

(4)  CLIM  -  A  climatological  aid  in 
the  form  of  24-,  48-,  and  72-hour  tropical 


cyclone  forecast  positions  and  intensity 
changes  for  initial  latitude/longitude 
positions.  The  data  are  arranged  by  months 
and  are  based  on  historical  data  which 
includes  1945  to  1973.  This  detailed  clima¬ 
tology  replaced  the  previous  JTWC  climatology 
on  1  September  1980, 

(5)  12-HR  EXTRAPOLATION  -  A  track 
through  the  current  warning  position  and  the 
12-hour  old  preliminary  best  track  position 
is  linearly  extrapolated  to  24  and  48  hours. 

(6)  HPAC  -  The  24-  and  48-hour 
forecast  positions  are  derived  by  averaging 
the  24-  and  48-hour  positions  from  the  12- 
hour  EXTRAPOLATION  track  and  the  CLIM  track. 

(7)  INJAH74  -  Analog  program  for 
the  North  Indian  Ocean  similar  to  TYFN75, 
except  tracks  are  not  segregated. 

(8)  TYAN  -  An  updated  analog  program 
which  combines  TYFN75  and  INJAH74. 

(9)  CYCLOPS  -  An  updated  version 

of  the  MOHATT  program  which  has  the  capabil¬ 
ity  to  select  steering  forecasts  at  the 
1000,  850,  700,  500,  400,  300  and  200  rub 
levels , 

c.  Testing  and  Results 

A  comparison  of  selected  techniques 
is  included  in  Table  4-5  for  all  western 
North  Pacific  cyclones  and  in  Table  4-6  for 
Indian  Ocean  cyclones.  In  Tables  4-5  and 
4-6,  "X-AXIS"  refers  to  techniques  listed 
horizontally  across  the  top,  while  "Y-AXIS" 
refers  to  techniques  listed  vertically. 

The  example  in  Table  4-5  compares  COMB  to 
MH70,  In  the  425  cases  available  for  com¬ 
parison,  the  average  24 -hour  vector  error 
was  134  nm  for  COMB  and  160  nm  for  MH70. 

The  difference  of  26  nm  is  shown  in  the 
lower  right.  (Differences  are  not  always 
exact  due  to  computational  round  off.) 
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STATISTICS 

FOR  YEAR 

24  HR  FCSTS 

JTRC 

STRA 

RECR 

COMB 

MH70 

W50 

1212. 

CLIH 

XTRP 

HPAC 

JTHC 

591 

124 

***•* 

X-AXIS 

124 

0 

CF 

TECUmaUE 

CXSES 

EFBOR 

STRA 

525 

122 

533 

153 

153 

31 

153 

0 

y-Ajos 

EFR» 

RECR 

516 

127 

489 

153 

524 

139 

/  !  TEOmOOE 

DIFFERENCE 

139 

12 

136 

-16 

139 

0 

ERBCB 

y-x 

COMB 

543 

124 

514 

153 

509 

139 

551 

135 

135 

10 

133 

-19 

135 

-3 

135 

0 

HH70 

435 

123 

407 

150 

399 

136 

445  158 

159 

36 

158 

8 

163 

26 

1  160 

;  26  ; 

158  0 

W50 

425 

124 

396 

152 

389 

136 

413 

135 

430  159 

434 

157 

158 

35 

157 

5 

160 

25 

159 

24 

157  -1 

157 

G 

TCMO 

121 

122 

111 

152 

104 

128 

115 

127 

96  148 

96 

138 

;  124  136 

132 

10 

134 

-16 

146 

18 

141 

14 

143  -4 

142 

4 

136  0 

CLIM 

305 

129 

282 

165 

265 

152 

291 

145 

245  170 

245 

162 

93  144  : 

115 

150 

150 

20 

142 

-22 

150 

-1 

149 

3 

149  -20 

150 

-11 

153  9  1 

50 

0 

XTRP 

572 

124 

521 

152 

511 

138 

538 

133 

439  159 

431 

158 

1  124  136  ■ 

109 

150 

584  149 

150 

26 

146 

-5 

153 

15 

150 

17 

145  -13 

145 

-12 

:  142  6  1 

168 

18 

149  0 

HPAC 

559 

124 

514 

152 

501 

137 

527 

133 

434  158 

426 

158 

;  124  136  : 

109 

150 

571  150 

571  134 

134 

10 

129 

-23 

135 

-2 

134 

1 

133  -24 

132 

-25 

i  129  -6  1 

138 

-11 

134  -15 

134  0 

STATISTICS  FOR  YEAR 


48  HR  FCSTS 
RECR 


STRA 

437 

224 

462 

306 

309 

85 

306 

0 

RECR 

415 

232 

422 

306 

440 

252 

247 

IS 

248 

-57 

252 

0 

COMB 

440 

225 

449 

306 

430 

251 

466 

244 

244 

20 

243 

-62 

243 

-7 

244 

0 

MH70 

330 

222 

340 

307 

323 

249 

347 

243' 

359 

308 

313 

91 

308 

1 

318 

69 

310 

67 

308 

0 

HHSO 

330 

220 

339 

305 

320 

247 

345 

242 

345 

310 

299 

79 

296 

-8 

297 

50 

297 

55 

292 

-17 

TCMO 

98 

232 

97 

314 

86 

246 

96 

254 

76 

357 

249 

16 

255 

-57 

273 

27 

264 

10 

264 

-92 

CLIM 

244 

235 

249 

330 

222 

276 

247 

265 

205 

337 

246 

11 

243 

-86 

251 

-25 

252 

-12 

242 

-94 

XTRP 

457 

224 

450 

304 

430 

249 

454 

241 

351 

309 

291 

67 

290 

-13 

298 

49 

292 

51 

295 

-13 

HPAC 

445 

223 

442 

305 

418 

246 

442 

242 

345 

308 

232 

9 

231 

-74 

235 

-10 

233 

-7 

231 

-75 

:  JIMC  -  CFFICIM.  JIViC  P0BB3\ST 
:  SXRA  -  STRAIGHT  (MFN  75) 

;  FECR  -  RECURVE  {T5fFH  75) 

:  CCHB  -  CCMBINED  IT2FS  75) 

:  J«70  “  ICHATT  700-MB  PROG 

■  MB60  -  MGHATT  50(HC  PtOG 

;  TOO  -  THCPICAL  CYCtOKE  MXEL  <CKE-«AX) 
;  CUN  -  CLIWaOLOCH 

■  XTEP  -  12-HCIUR  EJOEAPOIAEICW 

;  HPAC  -  MEAN  OF  XTPP  MID  CLIHKrCCjCGY 


76 

283 

102 

257 

263 

-20 

257 

0 

206 

294 

75 

272 

263 

250 

242 

-51 

260 

-11 

250 

0 

353 

296 

101 

255 

260 

249 

485 

291 

291 

-4 

311 

56 

325 

76 

291 

0 

346 

295 

101 

255 

260 

249 

471 

291 

228 

-66 

245 

-9 

235 

-13 

233 

-57 

STATISTICS  FOR  YEAR 

72  HR  FCSTS 

JTWC 

STRA 

RECR 

COMB 

MH70 

HHSO 

TCMO 

CLIM 

JTWC 

368 

316 

316 

0 

STRA 

338 

315 

381 

453 

443 

129 

453 

0 

RECR 

319 

331 

345 

456 

360 

349 

327 

-3 

348 

-107 

349 

0 

COHB 

343 

316 

370 

452 

352 

349 

385 

340 

328 

12 

343 

-109 

336 

-12 

340 

0 

MH70 

230 

325 

260 

464 

236 

362 

259 

352 

267 

473 

471 

147 

474 

10 

488 

126 

475 

122 

473 

0 

HHSO 

227 

329 

258 

467 

234 

364 

257 

355 

259 

469 

265 

486 

482 

153 

481 

14 

488 

124 

482 

127 

479 

10 

486 

0 

TCHO 

73 

314 

78 

445 

69 

351 

78 

359 

61 

543 

62 

484 

84 

372 

347 

33 

376 

-68 

393 

41 

380 

22 

401 

-141 

396 

-87 

372 

0 

CLIM 

184 

308 

208 

494 

179 

357 

204 

366 

161 

506 

164 

483 

64 

389 

218  332 

315 

7 

333 

-160 

338 

-18 

334 

-31 

329 

-176 

331 

-151 

353 

-34 

332  0 
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STATISTICS 

FOR  YEAR 

24  HR  FCSTS 

JTWC 

INJA 

HH70 

MH50  TCMO 

XTRP 

HPAC 

JTWC 

63 

151 

151 

0 

NUMBER 

X-AXIS 

OF 

TECHNIQUE 

INJA 

48 

134 

52 

127 

CASES 

ERROR 

125 

-7 

127 

0 

MH70 

28 

159 

27 

132 

30 

180 

/! 

Y-AXIS 

ERROR 

173 

14 

175 

44 

180 

0 

/  :  TECHNIQUE 

DIFFERENCE 

ERROR 

Y-X 

MH50 

27 

158 

26 

132 

29 

175 

i.jnxu..Y 

. * . - 

167 

9 

164 

32 

173 

-1 

:  173  :  0  : 

TCMO 

2 

43 

2 

53 

2 

73 

2  64  2  1 64 

164 

121 

164 

m 

164 

91 

164  100  164  0 

XTRP 

61 

147 

52 

127 

30 

180 

29  173  2  164 

65  148 

146 

0 

130 

3 

148 

-32 

149  -23  14  -150 

148  0 

HPAC 

40 

148 

32 

134 

16 

179 

15  175  2  164 

40  145 

40  135 

135 

-12 

128 

-5 

146 

-31 

148  -26  43  -120 

135  -9 

135  0 

STATISTICS  FOR  YEAR  48  HR  FCSTS 

JTWC  INJA  MH70  MH50  TCMO  XTRP  HPAC 

OTWC  38  270 

270  0 

INJA  26  252  26  227 

227  -24  227  0 

MH70  14  332  9  273  15  340 

360  28  365  91  340  0 


MH50 

13 

338 

8 

298 

14 

331 

14 

388 

407 

69 

447 

149 

388 

57 

388 

0 

TCMO 

0 

0 

0 

0 

1 

61 

1 

141 

1 

343 

0 

0 

0 

0 

343 

282 

343 

202 

343 

0 

XTRP 

36 

272 

25 

235 

15 

340 

14 

388 

1 

343 

37 

255 

259 

-12 

243 

8 

243 

-96 

252 

-135 

110 

-232 

255 

0 

HPAC 

23 

270 

18 

235 

8 

310 

7 

424 

1 

343 

24 

269 

24 

225 

231 

-38 

224 

-11 

233 

-76 

249 

-174 

86 

-256 

225 

-43 

225 

0 

STATISTICS  FOR  YEAR 

72  HR  FCSTS 

JTWC 

INJA 

MH70  MH50 

JTWC 

17 

437 

437 

0 

INJA 

12 

350 

12 

292 

262 

-57 

292 

0 

MH70 

2 

876 

1 

361 

2  460 

460 

-415 

263 

-97 

460  0 

MH50 

2 

876 

1 

361 

2  460  2  838 

838 

-37 

1033 

672 

838  378  838  0 

TABLE  4-6, 


OTWC  -  CffTIdAL  JTVC  FORECAST 
INJA  -  ANALOG  (INJAH74) 

MH70  -  MOHATT  700-MB  PROG 
MH50  -  MCHATT  SOO-MB  PROG 
XTRP  -  12-HOUR  EXTRAPOLATION 
HPAC  -  MEAN  CF  XTRP  AND  CI^MATOLDGY 
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CHAPTER  2  APPLIED  TROPICAL  CYCLONE  RESEARCH  SUMMARY 


1.  JTWC  RESEARCH 

Part  of  the  mission  of  the  Joint  Typhoon 
Warning  Center  is  to  conduct  applied  tropical 
cyclone  research  as  time  and  resources 
permit.  The  purpose  of  this  research  is  to 
improve  the  timeliness  and  accuracy  of  opera¬ 
tional  forecasts.  During  1979,  there  was 
continued  effort  to  convert  and  update  opera¬ 
tional  programs  and  to  streamline  operational 
procedures  for  compatibility  with  the  Naval 
Environmental  Display  Station.  The  following 
abstracts  summarize  the  year's  applied 
research  projects  which  were  completed  or  are 
still  in  progress. 

ESTABLISHMENT  OP  THE  JTWC  TROPICAL  CYCLONE 
DATA  BASE 

(Curry,  W,  T.  and  Matsumoto,  C.  R., 
lOAVOCEANCOMCEN/ JTWC ) 

A  data  base  of  6-hour  best  track 
positions  (intensities,  direction  and  speed 
of  movement)  and  24-,  48-,  and  7 2 -hour 
objective  technique  and  official  JTWC  fore¬ 
casts  for  each  tropical  cyclone  in  the 
western  North  Pacific,  Arabian  Sea  and  Bay  of 
Bengal  from  1966  through  1978  has  been 
established  on  FLENUMOCEANCEN  computer  raass 
storage  systems.  Tropical  cyclone  fix  data 
(position,  intensities,  platform,  etc.)  for 
each  tropical  cyclone  from  1966  through  1977 
remain  to  be  added.  This  climatological  data 
base  will  be  maintained  on  disk  and  tape 
files  at  FLENUMOCEANCEN  Monterey,  California 
and  updated  annually. 

NEDS/COMPUTER  APPLICATIONS 

(Staff,  NAVOCEANCOMCEN/JTWC) 

JTWC's  objective  techniques  have  been 
converted  by  contractors  to  execute  on 
FLENUMOCEANCEN  computers,  A  NEDS  graphic 
capability  is  being  developed  to  depict  fore¬ 
cast  tracks  from  objective  techniques* 
Evaluation  and  monitoring  of  program  conver¬ 
sion  will  continue  in  1980. 

TROPICAL  CYCLONE  MINIMUM  SEA-LEVEL  PRESSURE 
-  MAXIMUM  SUSTAINED  WIND  RELATIONSHIP 


(Lubeck,  0.  M.  and  Shewchuk,  J.  D., 
NAVOCEANCOMCEN/JTWC) 

The  pressure-wind  relationship  developed 
by  Atkinson  and  Holliday  (1977),  Tropical 
Cyclone  Minimum  Sea  Level  Pressure  -  Maximum 
Sustained  Wind  Relationship  for  Western  North 
Pacific,  is  a  primary  tool  used  to  determine 
tropical  cyclone  intensities  for  JTWC  opera¬ 
tions.  This  relationship  was  re-evaluated 
and  tested  with  an  independent  data  set.  The 
study  produced  no  significant  differences  or 
changes.  Therefore,  the  current  Atkinson  and 
Holliday  relationship  will  continue  to  be 
used  at  JTWC.  Other  regression  equations 
using  case-dependent  latitude  and  environ¬ 
mental  pressure  (versus  1010  mb)  as  predic¬ 
tors  were  also  tested.  These  predictors  did 
not  improve  the  maximum  sustained  wind- 
minimum  sea-level  pressure  relationship. 


OBJECTIVE  TROriCAL  CYCLONE  INITIAL 
POSITIONING  WITH  A  WEIGHTED  LEAST  SQUARES 
ALGORITHM 

(Lubeck,  O.  M,  and  Shewchuk,  J.  D., 
NAVOCEANCOMCEN/JTWC ) 

Recent  studies  indicate  tropical  cyclone 
forecast  errors  through  72  hours  can  be 
reduced  by  more  accurate  initial  warning 
positions.  This  study  developed  an  objective 
and  standardized  method  of  determining 
initial  position  based  on  all  available  fix 
information,  A  least  squares  algorithm  was 
used  on  available  fix  data  with  a  weighting 
scheme  which  is  inversely  proportional  to  the 
stated  fix  accuracies.  The  results  of  this 
objective  method  showed  no  significant 
improvement  over  the  current  subjective 
method.  Therefore,  this  method  was  not 
incorporated  into  operational  procedures. 

This  method,  however,  produces  an  improved 
tropical  cyclone  "best  track”  and  was  incor¬ 
porated  into  JTWC's  post-analysis  procedures . 

EQUIVALENT  POTENTIAL  TEMPERATURE/MINIMUM 
SEA- LEVEL  PRESSURE  RELATIONHIPS  FOR  FORE¬ 
CASTING  TROPICAL  CYCLONE  INTENSIFICATION 

(Dunnavan,  G.  M. ,  NAVOCEANCOMCEN/JTWC) 

The  relationship  between  equivalent 
potential  temperature  at  700  mb  in  the  center 
of  developing  tropical  cyclones  and  asso¬ 
ciated  intensity  changes  was  explored  by 
Sikora  (ATR  1975),  Milwer  (ATR  1976),  and 
Hassebrock  (ATR  1977).  The  Sikora  and  Milwer 
studies  produced  conflicting  results,  but  the 
Hassebrock  study  showed  some  skill  in  fore¬ 
casting  explosive  and  rapid  deepening  when 
1977  and  1978  tropical  cyclones  were  eval¬ 
uated.  Evaluation  of  1979  tropical  cyclones 
again  showed  that  the  Hassebrock  technique 
has  some  skill.  Unfortunately,  dewpoint 
data  from  aircraft  reconnaissance  missions 
from  earlier  years  are  not  readily  available 
at  JTWC,  so  it  has  been  difficult  to  increase 
the  data  base.  The  Hassebrock  study  will  be 
applied  to  1980  tropical  cyclones  and  any 
cyclones  prior  to  1976  for  which  data  are 
available.  The  data  base  may  then  be  large 
enough  to  draw  some  definite  conclusions. 

A  related  study  of  equivalent  potential 
temperature  was  also  started.  A  comparison 
was  made  of  past  12-  and  24-hour  changes  in 
equivalent  potential  temperature  in  the  eye 
of  a  tropical  cyclone  with  the  subsequent 
12-  and  24-hour  changes  in  700  mb  height. 
These  correlations  proved  inconclusive,  again 
due  to  the  small  initial  data  base.  An 
attempt  will  be  made  to  obtain  more  data  for 
this  study  also. 
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BASIC  STREAMLINE  ANALYSIS  AND  TROPICAL 
CYCLONE  FORECASTING  TECHNIQUE  GUIDE 

(Guay,  G.  A.,  NAVOCEANCOMCEN/JTWC) 

A  case  study,  based  on  an  active 
tropical  cyclone  period,  is  being  developed. 
The  study  will  be  worked  into  a  training 
guide  for  new  forecasters  and  will  include 
basic  streamline  analysis  procedures  as  well 
as  tropical  cyclone  forecasting  techniques. 
The  case  study  will  also  be  integrated  into 
STORMEX  training  (training  scenario  for 
DET  4  HQ  AWS,  54  WRS,  DET  1  IWH,  JTWC,  and 
AJTWC  personnel) . 

IMPROVEMENT  AND  EXTENSION  OF  THE  JTWC 
CLIMATOLOGY 

(Shewchuk,  J.  D.,  NAVOCEANCOMCEN/JTWC) 

Climatology  is  an  important  objective 
forecast  aid  for  JTWC,  A  new  climatology 
v/as  developed  for  the  western  North  Pacific 
which  provides  position  and  intensity  fore¬ 
cast  information  for  24-,  48-  and  72-hour 
intervals .  Pertinent  statistical  information 
is  produced  by  month  for  each  latitude/ 
longitude  of  available  historical  data,  which 
includes  1945  to  1973. 

Similar  climatological  information  is 
being  developed  for  the  North  and  South 
Indian  Oceans  and  the  western  South  Pacific. 
The  periods  of  available  historical  data  are 
1900-1970,  1900-1969  and  1900-1971,  respec¬ 
tively. 


2.  NEPRF  RESEARCH 


TROPICAL  CYCLONE  RESEARCH  AT  OR  UNDER 
CONTRACT  TO  THE  NAVAL  ENVIRONMENTAL 
PREDICTION  RESEARCH  FACILITY  (NEPRF) , 
MONTEREY,  CALIFORNIA 

TROPICAL  CYCLONE  MODELING 

(Hodur,  R.M.,  NEPRF  and  Madala,  R, ,  NRL) 

A  one-way  interactive  Tropical  Cyclone 
Model  (TCM)  is  being  evaluated  operationally. 
This  model  differs  from  the  original  chan¬ 
neled  TCM,  that  has  been  used  for  the  past 
three  years,  in  two  ways.  First,  hemi¬ 
spheric  forecast  data  are  used  on  the  bound¬ 
aries  as  opposed  to  the  channel  boundaries 
used  in  the  original  TCM.  Second,  a  new 
bogus  is  used  to  represent  the  storm  based 
on  the  observed  maximum  wind.  This  latter 
change  has  cut  the  average  initial  position 
error  by  59%  to  15  nm.  The  one-way  inter¬ 
active  TCM  average  forecast  errors  at  48',  60 
and  72  hr  are  8%,  14%  and  21%  less  than  the 
channel  model,  respectively,  for  Pacific 
cyclones  through  August  1979.  Both  TCMs 
have  about  the  same  average  forecast  errors 
at  12,  24  and  36  hr. 


A  more  sophisticated  TCM  is  being  devel¬ 
oped  jointly  by  NEPRF  and  NRL  and  is  expect¬ 
ed  to  become  operational  in  1981.  This  TCM 
includes  the  effects  of  surface  friction, 
cumulus  clouds  and  latent  and  sensible  heat 
transfer  from  the  ocean.  Preliminary  tests 
indicate  that  these  improvements  may  reduce 
forecast  track  errors  by  15%  to  20%  when 
compared  to  the  one-way  interactive  TCM. 


TROPICAL  CYCLONE  WIND  DISTRIBUTION 

(Tsui,  T. ,  Brody,  L.R.,  and  Brand,  S. , 
NEPRF) 

The  wind  distribution  around  tropical 
cyclones  for  the  warnings  issued  by  the  JTWC 
from  1966  through  1977  have  been  compiled  and 
edited  into  a  unique  data  set.  An  analysis 
of  the  wind  radii  shows  the  asymmetrical  na¬ 
ture  of  the  radii  of  30  kt  and  50  kt  winds 
around  tropical  cyclones  as  a  function  of  the 
characteristics  of  the  storm.  A  statistical 
forecast  model  to  predict  the  asymmetric  wind 
distribution  has  been  developed. 


TROPICAL  CYCLONE  STRIKE  PROBABILITIES 

(Brand,  S. ,  NEPRF  and  Jarrell,  J.D., 
Science  Applications  Inc.) 

Tropical  cyclone  strike  probability  is  a 
method  for  determining  probabilities  up 
through  72  hours  that  a  tropical  cyclone  will 
come  within  specified  distances  around  geo¬ 
graphic  points  of  interest  to  the  user.  This 
program  can  be  used  as  an  aid  for  operational 
decisions  associated  with  tropical  cyclone 
evasion,  evacuation  and  base  preparedness. 
Strike  probability  output  is  presently  being 
evaluated  by  a  number  of  Navy  and  Air  Force 
meteorologists  and  operational  customers  in 
WESTPAC.  Other  applications  of  strike  proba¬ 
bility  that  are  presently  being  developed  in¬ 
clude  geographic  depictions,  wind  probabili¬ 
ties  and  strike  probabilities  for  EASTPAC* 


A  STATISTICALLY  DERIVED  PREDICTION 
PROCEDURE  FOR  TROPICAL  CYCLONE  GENESIS 

(Perrone,  T. ,  Lowe,  P, ,  Rabe,  K. ,  and 
Brand,  S.,  NEPRF) 

A  statistical  experiment  using  stepwise 
discriminant  analysis  was  conducted  to  de¬ 
termine  algorithms  to  be  applied  to  daily, 
operationally-available  meteorological  anal¬ 
yses,  Parameters  identified  as  potential 
predictors  of  tropical  cyclone  formation 
were  statistically  examined  to  determine 
their  tropical  cyclone  genesis  prediction 
capability  and  were  found  to  possess  sub¬ 
stantial  promise  to  predict  tropical  storm 
formation  24,  48  and  72  hours  prior  to 
occurrence . 
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EXTi?EME  SEA  STATES  WITHIN  A  TYPHOON 

(Rabe,  K.,  and  Brand,  S. ,  NEPRF) 

Extremely  high  sea  states  are  known  to 
occur  to  the  right  of  the  direction  of  move¬ 
ment  in  typhoons.  A  well-documented  case  of 
such  extreme  sea  heights  in  the  western  North 
Pacific  was  examined  and  compared  with  re¬ 
sults  from  a  numerical  spectral  ocean  wave 
model.  The  wind  and  sea  state  field  of  the 
numerical  model  compared  favorably  with  the 
observed  data.  An  examination  was  also  made 
to  determine  how  extreme  sea  states  relate  to 
tropical  cyclone  intensity,  forward  speed  of 
movement,  and  circulation  size  or  wind  dis¬ 
tribution.  The  results  indicated  that  all 
three  are  important  with  the  intensity  being 
the  primary  factor,  speed  of  movement  being 
of  secondary  importance  and  circulation  size 
or  wind  distribution  being  the  least  impor¬ 
tant  factor. 


TROPICAL  CYCLONE  ORIGIN,  MOVEMENT  AND 
INTENSITY  CHARACTERISTICS  BASED  ON  DATA 
COMPOSITING  TECHNIQUES 

(Gray,  W.M. ,  Colorado  State  University) 

Observational  studies  using  large  amounts 
of  composited  rawinsonde,  satellite  and  air¬ 
craft  flight  data  have  been  performed  to 
analyze  global  aspects  of  tropical  cyclone 
occurrences.  The  data  were  used  to  study 
the  physical  processes  of  tropical  cyclone 
genesis,  tropical  cyclone  intensity  changes, 
environmental  factors  influencing  tropical 
cyclone  turning  motion  24-36  hours  before  the 
turn  takes  place,  tropical  cyclone  intensity 
determination  from  upper-tropospheric  recon¬ 
naissance,  and  the  diurnal  variations  of 
vertical  motion  in  tropical  weather  systems. 


IMPROVED  UPPER-LEVEL  TROPICAL  CYCLONE 
STEERING  TECHNIQUES 

(Hamilton,  H. ,  Systems  and  Applied 
Sciences  Corporation) 

Current  automated  objective  steering 
forecast  techniques  incorporating  HATRACK 
and  MOHATT  algorithms  are  operationally 
termed  CYCLOPS  and  may  be  run  in  analysis  or 
prognosis  modes  at  seven  different  atmo¬ 
spheric  levels  including  1000  mb,  850  mb, 

700  mb,  500  mb,  400  mb,  300  mb  and  200  mb. 
Since  tropical  cyclones  vary  greatly  in  areal 
and  vertical  extent  and  may  be  representa¬ 
tively  steered  at  varying  atmospheric  levels 
dependent  on  state  of  development/ intensity , 
continuing  research  is  ongoing  which  will 
attempt  to  identify,  given  certain  tropical 
cyclone  input  parameters,  a  "best”  steering 
level  or  a  "weighted  scheme"  that  takes  into 
account  several  steering  levels. 


AIRBORNE  EXPENDABLE  BATHYTHERMOGRAPH 
OBSERVATIONS  IMI4EDIATELy  BEFORE  AND  AFTER 
PASSAGE  OF  TYPHOON  PHYLLIS  (AUG  75) 

(Schramm,  W.G. ,  NEPRF  and  NAVPGSCOL) 

Ocean  thermal  response  to  an  intense 
typhoon  was  analyzed  on  the  basis  of  data 
collected  during  the  passage  of  Typhoon 
Phyllis  (Aug  75)  in  the  Philippine  Sea,  A 
unique  data  set  was  collected  using  cali¬ 
brated  Airborne  Expendable  Bathythermographs 
dropped  from  a  Navy  P-3  aircraft.  There 
were  three  flights:  the  first,  14  hours 
before  storm  passage,  the  second  10  hours 
after  passage,  and  the  third  two  days  later. 
The  results  indicate  a  dramatic  upward  move¬ 
ment  of  isotherms,  relative  to  the  sea 
surface,  in  a  narrow  band  under  the  storm 
path,  with  a  reversal  toward  pre-typhoon 
conditions  within  three  days. 


MESOSCALE  EFFECTS  OF  TOPOGRAPHY  ON 
TROPICAL  CYCLONE  ASSOCIATED  SURFACE  WINDS 

(Brand,  S,  and  Chambers,  R. ,  NEPRF, 

Woo,  H, ,  Cermak,  J, ,  and  Lou,  I.,  Colorado 
State  University,  and  Danard,  M, ,  University 
of  Waterloo) 

An  analysis  was  made  of  the  influence  of 
topography  on  tropical  cyclone  associated 
strong  surface  wind  conditions  for  Subic 
Bay,  Republic  of  the  Philippines  by  means 
of  an  environmental  wind  tunnel.  Surface 
flow  patterns  were  deduced  by  smoke  and 
surface  oil  films,  while  isotach  and  gust 
values  were  obtained  by  hot  wire  anemo¬ 
meters.  The  laboratory  results  show  the 
significant  effects  of  the  mountainous 
regions  surrounding  the  Subic  Bay  harbor 
complex  and  indicate  preferred  sheltered 
locations.  The  results  were  compared  with 
synoptic  observations  and  a  high  resolution 
(0.19  nm)  diagnostic,  one-level,  primitive 
equation  model.  Where  direct  comparison 
could  be  made,  all  techniques  appeared  to 
show  qualitative  agreement. 


TYPHOON  HAVEN  STUDIES 

(Stevenson,  G.A.  and  Brand,  S. ,  NEPRF) 

The  Typhoon  Havens  Research  Program,  the 
results  of  which  have  been  summarized  in 
NEPRF  Technical  Paper  5-76,  has  been  resumed. 
COMSEVENTHFLT  has  identified  an  additional  12 
ports  and  harbors  for  evaluation  as  typhoon 
havens.  Work  has  commenced  on  Palau,  Saipan 
and  Tinian. 
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ANNEX  A 


TROPICAL  CYCLONE  TRACK  DATA 


WESTERN  NORTH  PACIFIC  CYCLONE  TRACK 
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20.1 

120.2 

75. 

48* 

15. 

?2*2 

lift. 3 

80. 

127. 

20. 

20*4 

116*6 

60. 

21i. 

5. 

20,5 

115.6 

35. 

2b.  0. 

21.0 

114. R 

45, 

49.  *10. 

21.4 

113.7 

40. 

51.  •m. 

21.5 

111  .ft 

30, 

18. 

5, 

21.5 

109.7 

40, 

37. 

15. 

O.A 

0.0 

0. 

-0. 

0. 

0.0 

n.n 

0. 

-0. 

0. 

O.A 

0,0 

0. 

-0. 

0. 

0.0 

0,0 

0. 

-y. 

0. 

48  HOuR  FoRFCAST 

ERRORS 


POSIT 

wiNO 

AST 

<#IND 

n.o 

0.0 

0. 

-0. 

0. 

0.0 

0.0 

0. 

-0. 

0. 

0,0 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0, 

0. 

0,0 

0.0 

y. 

-0. 

0, 

n.n 

0.0 

0. 

-0. 

0. 

n.U 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0, 

1  6.2 

127.4 

So. 

133, 

-35. 

1  6.2 

126.5 

30. 

137. 

-30  . 

1  6.5 

126.4 

35* 

198. 

-23, 

1  5,6 

121.6 

63, 

173. 

-5. 

1  5.6 

121.8 

63, 

205. 

0, 

16.3 

120.1 

43* 

191. 

.15, 

17.0 

U7.9 

30. 

1  R8. 

-10. 

17.3 

U7.3 

33. 

171. 

-5, 

19,6 

117.2 

90, 

62. 

35. 

?0,4 

116.4 

83. 

67, 

30, 

21  .9 

116.3 

73. 

150. 

20. 

24.1 

114.2 

65. 

199. 

15. 

21,7 

112.6 

30. 

61  . 

5, 

22.1 

111.7 

40. 

ft9. 

15, 

0.0 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

n.U 

0.0 

0. 

-0. 

0. 

0,0 

0*0 

0. 

-0. 

0. 

0,0 

0.0 

0. 

-0. 

0. 

A,0 

0.0 

0. 

-0. 

0. 

0,0 

0.0 

0. 

-0. 

0. 

n.o 

0*0 

0. 

-0. 

0. 

1F2  hDuR  Forecast 


POftIt 

NI90 

OST 

WIND 

0.0 

0.0 

0. 

.0. 

0. 

0.0 

0.0 

0. 

.0. 

A. 

0,0 

u.o 

0. 

-0. 

0. 

0.0 

0.0 

0. 

-0. 

0* 

0.0 

0.0 

0. 

-0. 

0, 

n.o 

0.0 

0* 

-0, 

A. 

0.0 

0,0 

0, 

.0. 

0. 

0.0 

0.0 

0, 

-0. 

0. 

1H.5 

1»3,2 

60. 

273. 

.5. 

in. 4 

124,2 

60. 

235. 

A. 

lft.7 

124.0 

60. 

260  . 

A. 

16.8 

117.8 

30. 

1  r7. 

-10. 

16,8 

118.0 

SO. 

225. 

-3. 

17.0 

116.2 

55. 

205. 

0. 

IB, 5 

115.0 

53. 

130. 

0. 

19.5 

113.6 

60. 

103. 

10. 

21.5 

113.5 

83. 

1  1  1  < 

40. 

22.3 

112.8 

73. 

150. 

50. 

0,0 

0.0 

0. 

-0. 

0* 

0.0 

0.0 

0. 

-0. 

0. 

0.0 

0.0 

0. 

-0. 

A, 

0.0 

0.0 

0. 

-0. 

A* 

0.0 

0.0 

0, 

-0. 

A. 

0.0 

0.0 

0* 

.0. 

A. 

0*0 

0.0 

0. 

.0. 

A. 

0,0 

0.0 

0. 

.0. 

A. 

0.0 

0.0 

0. 

.0. 

0. 

0.0 

0.0 

0. 

-0. 

0. 

0,0 

0.0 

0. 

.0. 

0. 

0,0 

0.0 

0. 

-0. 

A. 

4iL  forecasts 


KHWG 

24-HR 

48-hR 

72-Hfl 

AVG 

forfcast  posit  FHRoR 

26. 

71. 

145. 

IftS. 

Atfb 

RIGhI  A5SLF  ERROR 

21. 

57. 

103. 

113. 

AVG 

1MTf>4SITY  mAGVTTUIJP  error 

3. 

13, 

18. 

12, 

AVG 

intensity  bias 

-0. 

-3. 

-0. 

ft. 

MUM8ER  dE  FORECAST 5 

22 

IB 

13 

14 

13 

11 

lO 

116 


TROPICAL  STORM  FAYE 


nrST  TSA/'K 


H'J/JH/HH 

POSIT  1 

062al8Z 

2.8 

ISS.n 

l8 

0629U0Z 

2.5 

154,8 

15 

0629062 

2.6 

153,9 

18 

0629J2Z 

2.9 

153-5 

18 

0629187 

3.2 

153.? 

18 

063000Z 

3.5 

152, q 

18 

063006Z 

3.9 

152.8 

2n 

063012? 

4.4 

151.9 

2n 

063018Z 

4.9 

151.? 

2n 

0701007 

5.3 

150,8 

20 

070i06Z 

5.7 

150, n 

28 

070U22 

6,0 

l49.? 

28 

070118Z 

6,2 

147.9 

?8 

0702002 

6.5 

146-4 

28 

0702U6Z 

y.3 

145,8 

28 

070212Z 

8.0 

1  44.9 

28 

0702182 

8.6 

144,1 

3n 

0703U0Z 

9,0 

143.2 

3n 

0703u6Z 

9,4 

142,? 

38 

070J12Z 

9.7 

141,4 

35 

070318Z 

10. u 

140. ft 

4n 

0704002 

10.3 

1  39. ft 

40 

0704U6Z 

10.5 

n9.o 

35 

070412Z 

10.6 

137. ft 

38 

070418Z 

10.4 

136.9 

3o 

0705007 

10.4 

135.8 

3n 

0705062 

11.1 

135.5 

25 

070512Z 

11.9 

135.1 

28 

0705187 

12.6 

134.8 

25 

070600Z 

13.3 

133.9 

28 

070606Z 

13.8 

133.4 

28 

0706122 

15.2 

1  31.9 

25 

070616Z 

16.1 

130.7 

2n 

070700Z 

17.0 

129.8 

20 

WAKmTNG 


PnSTT 

y  IN') 

DST 

WlNl 

O.n 

o.n 

0, 

-0. 

0. 

O.n 

O.n 

0. 

-0. 

0, 

0.0 

O.n 

0. 

-o. 

0, 

O.n 

O.n 

0, 

-0. 

0. 

0.0 

O.n 

-0. 

0, 

o.n 

O.n 

0. 

-0. 

0, 

0.0 

O.n 

0. 

-0. 

0. 

0,0 

n.n 

0. 

-0. 

0, 

o.n 

O.n 

0. 

-0. 

0, 

0.0 

O.n 

0, 

-0. 

0. 

0,0 

O.n 

0. 

-0. 

0. 

0,0 

O.n 

0. 

-0. 

0, 

6.8 

1  49.? 

25, 

B5. 

0. 

6.5 

1  45.9 

36, 

5. 

7,0 

145-1 

3u. 

30, 

5, 

7.6 

1  44.9 

30, 

25. 

R. 

8.2 

143. ft 

3U. 

30. 

0, 

9.1 

1  43.? 

35, 

6, 

5. 

9. ft 

1  42.3 

“O. 

25. 

s. 

9,9 

14  1.? 

45, 

13. 

in. 

10,2 

1  39.8 

bO, 

72. 

lu. 

10,2 

1  40.1 

?0. 

IR. 

10. 

ID. ft 

1  3H.n 

4S, 

?l. 

10. 

n.n 

117»9 

RO, 

24. 

15, 

10,9 

136.7 

?5. 

30, 

25, 

10. 0 

135.3 

35. 

30, 

25, 

10,2 

134.8 

50. 

75. 

25. 

n.i 

1  3S.3 

35. 

49. 

10, 

n.5 

135. n 

35, 

70. 

10. 

13.2 

1  33. ft 

25. 

6. 

0. 

13,9 

1  32.7 

25. 

1ft. 

0, 

14.5 

1  32.  •' 

25. 

42. 

0. 

0.0 

O.n 

0. 

“0, 

0, 

0.0 

O.n 

0, 

-0, 

0. 

24  nmtH  FOHELAsJ 
iHH JKs 

►^'^STT  diJ  *I»tn 

O.n  n.n  o.  -o.  o. 

O.f*  n.rt  0.  -y.  n, 

O.n  n.n  0 .  -u •  n , 
O.n  r».n  0.  -U*  n* 

O.n  o.n  0.  -U.  n. 

O.n  o.n  0.  -u.  n. 

O.n  0,0  0.  -u.  n. 

O.n  0.0  0.  -y.  n. 

O.n  n.n  o,  **u.  n, 
O.n  n.n  o.  -u.  n. 
O.n  n.n  0.  -u.  n. 

O.n  ri.n  p.  -.g.  n. 
8.0  14*1. A  35,  l4t}. 

7.-S  141, 40.  lay.  in. 
7.0  141.?  40.  lU.  s. 

9,4  141,0  40.  Jy. 

1 0.  n  I  40,  by.  n . 

U.i  13^1, T  so.  4b.  in* 
12.?  13^.^.  hO.  iOH.  2k, 

12. ?  137, <  05.  iQy.  3n* 

12.1  134.7  70,  loo.  4n, 

n.4  137,*^  70,  132.  4n, 

13. ?  134, M  05,  132.  4n, 

12.7  13^.7  05,  9b.  4n. 

12.7  13?,?  05,  141.  4n. 

10.4  i3n,H  05,  23d-  4n, 

10,  Q  13n.5  05,  220.  3n. 

11. A  137. M  25,  250.  n. 
l2.o  13?. O  25,  230.  k, 

O.n  n.n  0,  -O.  n. 

O.n  n.n  0.  -u.  n, 

O.n  0,0  0,  -0.  n, 

O.n  0,0  0,  -O.  n. 

0.0  0,0  0,  “0.  n. 


48  Fiycc^'ir 

1- 


9t)bIT 

wl  NU 

nST 

i<]  NO 

n ,  (► 

0.0 

0. 

-u. 

0. 

n  ,11 

0.0 

0. 

-0. 

0, 

n.n 

0.0 

0. 

-0. 

0. 

n  ,  tj 

0.0 

U  . 

-0, 

0. 

n.n 

0.0 

0* 

-0. 

0. 

n.n 

0*0 

u. 

-0. 

0. 

n.n 

0*0 

0. 

-0. 

0. 

n.n 

u.u 

0* 

*0. 

0, 

n.n 

0 .0 

0. 

-0, 

0. 

n.n 

0.0 

u« 

-0. 

0, 

n,  t) 

0.0 

u. 

-0. 

0, 

n.o 

0.0 

0. 

-0, 

0. 

1  n.  r 

142.9 

3b. 

1  30. 

15. 

9.? 

137.5 

30. 

1  83. 

10. 

ft  .4 

136.» 

30. 

1  90, 

15. 

1  n.K 

13b.b 

30. 

80. 

15. 

1 1 .? 

i  35.5 

30. 

90, 

20. 

1  ?./ 

I3b.b 

bo. 

137. 

30. 

>4.4 

134.2 

73. 

?U. 

50. 

1  8.  1 

133.5 

7d. 

P13. 

50. 

1  8.8 

130.7 

7d. 

295. 

50, 

1  3,8 

134.1 

7b. 

?3. 

50. 

1  8.7 

1  Jl.O 

7b. 

182. 

50. 

>4,8 

129. a 

7b, 

1?6, 

50, 

>4.) 

127.7 

7b, 

210, 

55. 

1?.8 

126.b 

7b, 

3?0, 

55. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

“0, 

0. 

n ,  o 

0.0 

0. 

-0. 

0. 

0,0 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

u. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0, 

n.o 

0.0 

0* 

-0. 

0. 

n.u 

0.0 

0* 

-0. 

0. 

HQk  1 1 

«IN3 

•isr 

RfMl) 

n.o 

0.0 

0. 

«n. 

0* 

n.o 

0.0 

u* 

.0. 

U. 

n.o 

0.0 

0. 

*0  * 

n. 

n.o 

o.n 

u. 

>0  . 

n. 

n.o 

u.o 

0. 

-n. 

n. 

n.o 

0.0 

u. 

~o. 

n. 

n.o 

u.o 

0. 

-0. 

II  • 

n.o 

o.u 

u. 

.n. 

II. 

n.o 

o.n 

u. 

-0. 

(1. 

n.o 

0.0 

0, 

-n. 

0. 

n.o 

u.o 

0. 

-P. 

0. 

n.o 

0.0 

u* 

.0. 

n. 

12.2 

1  ■‘9.2 

bb. 

1  77. 

>S. 

9, 1 

i  <3.3 

60. 

>*,6. 

30. 

R.4 

1  >2.b 

60. 

?o3. 

>S. 

12.3 

1  <2.8 

60. 

>  49, 

3‘>. 

13.0 

1  <l.b 

bO. 

1  h2. 

35. 

l4.i 

1  .<  1 . 4 

70. 

>47. 

48. 

1  8.0 

1  <0.0 

do. 

?17. 

88. 

17.4 

1^9.1 

HO. 

?n7. 

58. 

17.7 

J23,R 

80. 

?4n. 

SO. 

18.1 

1  -iO.  3 

80. 

87. 

80. 

n.o 

0,0 

0. 

..0. 

0. 

n.o 

0.0 

u. 

-0. 

0. 

n.o 

O.o 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

.0. 

n. 

n.o 

0.0 

0. 

.0. 

0. 

O.o 

0.0 

0* 

-0. 

n. 

0,0 

0.0 

0. 

-0* 

n. 

n.o 

0.0 

0* 

-0. 

0. 

n.o 

0.0 

0* 

..0. 

0. 

n.o 

0.0 

0. 

.0* 

0. 

n.o 

0.0 

0. 

-0. 

0. 

Alt  cnRECASTS 


WKng 

?4-HR 

48. h9 

7?.- 

AVG 

forfcasi  posit  FWPOR 

ft5. 

136. 

167. 

lofi. 

AVG 

RIGmT  angle  error 

?l. 

86. 

93. 

09, 

AVG 

INTfNSUT  magnituuf  error 

9, 

21. 

37. 

AS. 

AVG 

intfnsitt  bias 

9. 

21. 

37. 

AS. 

NUMBER  OF  forecasts 

2n 

17 

14 

1  ■ 

17  14  n 

S  ^  \0 


TROPICAL  DEPRESSION  08 


BEST  track  yAHyiRG 

-RRORS 

HD/DA/HR  P3SIT  WIND  P'IStT  wIN7  DST  WIN> 
0723062  19. b  l40.o  2n  0.0  o.n  0.  •o,  0, 

072312Z  20,3  139.0  20  0.0  O.o  0.  -o,  0. 

0723182  21.2  137. R  2n  0.0  O.n  0.  -o.  0. 

0724002  22,0  135.8  2n  0,0  O.n  0.  -o,  0. 

0724062  22.7  134.4  2n  24.3  133.4  20.  105.  U. 

072412Z  23.4  133.0  2n  23.3  133. n  20.  6.  0, 

0724182  24.0  131.8  2n  23.9  l31-«  20.  17.  0. 

072500Z  25,0  130.?  ?0  24.4  130.4  20.  42.  0. 

072b06Z  26,0  128. «  in  25,5  129**^  2U.  45.  0. 

0725127  27,4  127.4  18  0.0  0.0  0.  -0.  0. 

072bl8Z  29.4  127. n  18  o.n  o.n  0.  -0.  0. 

0726U0Z  31.5  126,7  20  O.P  0.0  0,  «o.  0. 

072606Z  33.3  124. g  2o  0,0  O.n  0.  -o,  0, 


24  HnuK  FOKtCAbr  4e  mOmK  FnPFCaST 

EkKjks  rpRoRS 

PnSTT  *»IN0  D5l  -iKiO  OOSIT  i#InD  OST  rfiND 
O.n  n.n  .o,  -0.  n,  n.u  0*0  u.  -0.  0. 

O.n  0,0  0.  -u.  0,  n.n  o.o  o.  -o,  n, 

0,0  ti.n  0*  -u.  n,  n.n  0.0  0.  -0,  0, 

O.n  n.n  o.  -u.  o,  n.u  0.0  0.  -0.  0. 

?8.n  128.?  20,  18J.  n.  ?q.n  119.0  15.  396.  -5, 

?5,n  127,2  20,  9o*  8.  n.n  o.o  U.  -0,  0, 

26, n  127.0  20.  203.  8,  n.n  0.0  0.  -0,  0, 

26,8  128, Q  13.  299.  -8,  n.o  0.0  0.  -0,  0, 

O.n  n.n  o,  -o.  n,  n.o  0.0  0.  -0,  0, 

O.n  n.o  0,  -0.  n,  n.o  o.o  0.  -0.  0, 

O.n  n.n  o.  -0.  n.  n.o  0.0  0.  -0.  0. 

O.n  n.o  0.  -y.  n,  o.n  0.0  0.  -0,  0, 

O.n  o.n  0,  -0.  n,  n.o  0*0  0.  -0,  0, 


/2  h3UK  FftwFCAST 


POSIT  nsr 

n.o  0,0  0.  -0.  0. 

n.o  o.u  0.  ..0.  0. 

n.o  0.0  0.  .0.  0. 

n.o  0.0  0.  .0.  n. 

n.o  0.0  0.  «0.  0. 

n.o  0.0  0.  -0.  0. 

n.o  0,0  0.  .0*  0. 

n.o  0.0  0.  .0*  f>. 

n.o  o,n  0.  «o,  n, 

n.o  0.0  0.  -0.  n, 

n.o  o.n  0.  .0.  n. 

n.o  0.0  0.  .0.  n. 


n.o  0.0  0*  .0.  0. 


AVG  FOHrCAST  POSIT  FpyqR 
AVG  RIGhI  AViSLE  ERROR 
AV6  INTfwSITT  MAGyiTUOF  ERROR 
AVG  INTFnSITY  bias 
NUMdER  OF  forecasts 


Ai'l  f-ipfCaSTS 

NWWG  ?4-HR  4&-hR  7?-HR 

43.  195.  395.  0, 

?0.  70.  395.  n. 

0.  4,  5.  n. 

0.  1.  -5.  n. 

5  4  11 

I  0 
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SUPER  TYPHOON  HOPE 


HFST  T»^urK  »(flRsJTMG  2*  wnUH  FOHECAsI  4B  riOnR  h3UH 

rpROaS  EHHJWS 


lO/JA/HP 

PDblT  'VTni> 

p^Stt 

mINI 

D5T 

WIN3 

Pn5iT 

w  1  MO 

ObT 

4lMf> 

pnsi  r 

wInD 

AST 

9IND 

9051  t 

rflNj 

•iST 

-i’TMI) 

7ii4067 

10.2 

147, n 

2n 

u.n 

Q.n 

U. 

-0, 

0, 

o.n 

n,n 

0. 

-u. 

0, 

A,U 

0*0 

0. 

-u. 

0. 

0,0 

0.0 

0. 

.0, 

n. 

7^413/ 

10.3 

14  6.9 

20 

0.0 

O.n 

0, 

•0. 

0. 

O.A 

fi,n 

0. 

-0. 

0  , 

A  ,0 

0.0 

0. 

-U  . 

0  , 

n.o 

0.0 

0* 

-0. 

n. 

7^4182 

10.3 

146,3 
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6.6  155.5 

7.3  153-1 

7.7  152.4 

7.7  152.5 

9.1  151, P 
8,0  IS?,! 

7.3  152,5 
6,9  151.7 

6.7  151.5 

6.8  152.1 

8.6  151.5 

9.7  150*3 

10.7  149.5 

12.3  147. « 

13.0  146.0 

12.9  144.3 
12. P  143.? 

13.0  142.4 

13.1  141.5 

13.7  140*0 

14.3  140. ft 

14.3  139.4 

14.4  139. 

14.9  139.2  i35 

15.8  138.q  l3b, 

16.4  138.3  i35. 

16.9  137.6  145. 

17.1  137.2  1&5. 

17.3  136.7  i55. 

16.5  136.4  1  40. 

16.1  136.4  140. 

16.7  135.3  i35, 

16.7  134.0 

16. 5  134.2 

17.2  133.3 
17,1  132. ft 

17.5  131.5 
18,0  131.0  i20. 

18.5  1 30. n  1 J5, 

18.7  129. R  1J5, 
19,0  129. n  ilO, 

19. 5  129.4  1 10. 

19.4  129.3  lio. 


25. 

2b. 

25. 

2b. 

35. 

35. 

35, 

40. 

40. 

40, 

40. 

40. 

40. 

45. 

45, 

50. 

50, 

55. 

60. 

65. 

80. 

85. 

1  00. 
1  HO, 
l30. 


iJO. 

l20. 

120. 

l20. 

120. 


-0. 

-0. 

-0. 

-0. 

0. 


0. 

0. 

0, 

0. 

0, 

0. 


PoSTT 

O.ft 

O.o 

O.o 

0,n 

6,4  15 
7,fi  15 


MO*ik  FOHECASI 
EKKJ«s 


wiNn  DSF  4lMt> 


-y, 

-0, 


POSIT 
n.n  I 


ft  ■ 


0. 

0,  -0,  ft 

30,  68.  >5 

30,  40,  -5 


ft. 


48  houR  PpoFCAsr 

HiNi)  nsT 
0 
0 


#2  hDuP  PnPpCART 


0,0 


0.0 
0.0 
,0  0.0 
,0  150.0 
.1  150.9 


48.  -5. 

7,P 

153.7 

35. 

4b. 

0, 

9.1 

150.9 

45. 

Ml. 

5. 

99.  -5, 

8.1 

151.0 

35. 

27. 

-6. 

0*4 

X50.0 

4b. 

199. 

5, 

12.  0, 

8.7 

15ft. 2 

45. 

I3b« 

s. 

0,M 

I47,() 

55. 

2«i, 

15. 

43,  0. 

8.9 

140,6 

95, 

201* 

s. 

10.1 

147,0 

bb. 

269. 

lb. 

24,  0, 

9.1 

150.0 

♦5, 

18/. 

S, 

1  ft, 4 

147*4 

65. 

192, 

10, 

43.  0. 

9,4 

14P,& 

20, 

223, 

1ft. 

10,7 

146.9 

60, 

1S4. 

lo. 

18.  0, 

9.1 

150, S 

60, 

122. 

Ift. 

10,7 

148*0 

60, 

90* 

10, 

19,  0, 

8,7 

151  ,S 

95, 

IJ. 

s. 

9,9 

149*4 

5b. 

269. 

0. 

21,  U, 

8.? 

149,6 

95. 

112. 

ft* 

a,H 

147.3 

bb. 

PSl  . 

-b. 

35.  0, 

7,f 

149,3 

60. 

209. 

n  • 

9.4 

147*2 

60. 

305. 

-IS, 

61,  0, 

7,7 

151.3 

65, 

339. 

IS. 

9  ,n 

149.3 

7b. 

468. 

“5. 

19.  5. 

1  1 .4 

147.2 

60. 

113* 

s. 

14,0 

142.6 

70, 

60. 

-lb. 

19.  0. 

12.? 

146,0 

60. 

l06* 

0, 

14, S 

l4i«G 

70. 

Sb. 

-20, 

IS.  0. 

1  3.4 

MS, 4 

65, 

120. 

•1ft. 

IS. 7 

141*2 

7u, 

119. 

-45. 

6.  0. 

1  6«ft 

141  ,P 

63, 

177. 

•IS. 

1  9,0 

137*2 

7b. 

31  5. 

-55, 

21.  0. 

iS.n 

142,6 

65, 

l04. 

•2ft. 

10. H 

136*6 

80. 

2R3. 

-60, 

0.  0* 

14.1 

1  3H.7 

65, 

14I. 

•26. 

1  4.S 

133*7 

So. 

320. 

•60. 

13,  -10. 

13.? 

13«.S 

75. 

U3, 

•4ft. 

14.2 

133.3 

85. 

335. 

-65. 

8.  0* 

13.7 

13H.4 

160. 

7b. 

•3n. 

M,ft 

134*0 

lib. 

268. 

-45. 

25.  0, 

13.0 

137.3 

105. 

127. 

•3S, 

14.7 

132-9 

l2o. 

303. 

-45. 

U.  5. 

14. P 

13m, 1 

1  10. 

8i>. 

•3n. 

1  s,i 

134.1 

I2b. 

208. 

•40, 

30.  -lb. 

1b, s 

137.0 

115, 

llu. 

•3S, 

1ft, 4 

133.5 

l2b. 

196* 

-30, 

9.  -30, 

15,? 

136,3 

195. 

132* 

•  is. 

1ft.  3 

132.8 

l5o. 

196. 

5. 

13.  -10. 

15.? 

1  36,4 

160, 

121. 

-IS, 

16,1 

133.2 

Ibb, 

mb. 

25, 

12.  -5, 

16,1 

137,6 

150. 

53. 

•is. 

17.4 

136.1 

1  6b, 

62, 

30, 

6.  -lb. 

17.? 

136,H 

160. 

26. 

-s. 

1ft, K 

134*8 

Ibb. 

119. 

30, 

6,  —25, 

18,6 

136.1 

190. 

i  J6, 

-s. 

?ft.? 

134-2 

l^b. 

191. 

10, 

8,  -20. 

19,4 

134, H 

190, 

169. 

in. 

?3,n 

133*2 

135. 

3S3, 

lo. 

12.  -10, 


32. 

17, 

54. 

0. 

9. 

17, 

13, 

13. 

19. 

R. 


0, 

-5, 

10, 

10, 

5. 

-5, 

-5, 

-5, 

-5, 

-5, 


134, R  140.  134, 
135.0  1J5,  114, 
137,5  130.  200. 
fi  137. S  130.  229. 


16. P  133,0  )30, 


17,1 

17, 


132. 

131 


I8.n  i3n 


129 

12r 


23.  -10. 
6.  -10. 
29.  -10. 
19,  -10. 
37. 


2  120, 
7  110, 
ft  1  UO. 
n  loO. 
1  loo. 

3  lOO, 


37. 

38. 
66* 
26. 
8o. 
8/. 


15. 

in. 

5. 

5, 

5, 

-5, 

•  15, 
•25, 

•  25. 

*2n. 


21  . 
20. 


19.3  i2r. 

20. n  12ft. P  lOO,  112.  *10. 


20. ft  127,2  100. 
20,3  I2ft.5  lOfl, 


B4, 

llu. 


.3  133.3  l3o 
.7  133.6  l2b 
IB.M  136.0  l2o 
1R.H  136.1  l20 

17.3  130.0  120 

17.9  129*3  l20 
IR.l  128*9  105, 

19.2  127*4  9u 

10.4  125*5  ]00 
IQ.S  124.5  lOO 
2n.5  125.7  100 

21.9  124.5  100 

21.3  124.6  100 

21. M  124.0  95 


20,5 

128.6 

1  10 

20.6 

1  28.7 

105. 

8, 

-b. 

22  .ft 

20,8 

128.4 

ms 

21,1 

1  2R.6 

1  00. 

19, 

-5. 

?3.P 

21.5 

128,1 

inn 

21,5 

12ft*? 

■^5. 

6. 

-b. 

?3.ft 

22.4 

127,9 

95 

22,0 

1  27. R 

9b, 

25, 

0, 

24,6 

23.0 

127. fl 

9S 

23.2 

127.7 

90, 

13. 

-5, 

26. ft 

24.0 

127.6 

9n 

23, R 

127.6 

90, 

12. 

0. 

?6.R 

25.1 

127,  R 

9ft 

25,1 

127. R 

es. 

0. 

-5. 

?9.? 

26.5 

128.6 

8S 

26.4 

1  28.4 

so. 

12. 

-5. 

31.7 

28.4 

130.1 

7S 

28.1 

1  30.0 

7b. 

19. 

0. 

34.6 

30.3 

131.6 

75 

29,9 

131.7 

7b. 

24. 

0. 

36. fl 

33,0 

134.3 

7ft 

32,9 

1  34.0 

70. 

16. 

0. 

O.n 

36.2 

138.6 

6n 

35.4 

13R.3 

60. 

50. 

0. 

0.0 

41,5 

145.? 

bft 

41  .  ft 

1  44.? 

60. 

54, 

10. 

o.n 

43.1 

146.1 

5ft 

42,  R 

151.0 

55, 

215. 

5. 

0.0 

127.R 

>O0. 

n. 

n. 

?3,S 

126*4 

95. 

1  P2. 

5, 

2S.4 

li^5.7 

90. 

12R.S 

luo. 

9U. 

6. 

P3.? 

127.3 

95* 

209. 

10. 

2S.4 

126.4 

90. 

127. « 

95. 

12. 

n. 

PS, 4 

127.0 

9o. 

?*4. 

15, 

28,1 

12B,4 

80, 

127.4 

90, 

43. 

0, 

?6.ri 

127*0 

85. 

3Si. 

lo. 

28.6 

12B.9 

BU* 

127.? 

90. 

84. 

n. 

?6,S 

127*3 

85. 

S31. 

15. 

n.O 

0,0 

0, 

127. ft 

H5. 

143* 

n. 

77,7 

127*8 

80, 

746. 

20. 

n.O 

0*0 

0, 

1  27,3 

75. 

20/* 

n. 

?R.H 

129.1 

65. 10ft9. 

15. 

n.O 

0.0 

0. 

127.8 

75. 

2B9* 

ft. 

?q,H 

129.9 

bb.Uns. 

15. 

0,0 

0.0 

0. 

129.4 

70. 

33B* 

0. 

n.n 

0.0 

0. 

-0, 

0. 

n.O 

0.0 

0. 

131, R 

:>5, 

431* 

-s. 

n.n 

0.0 

0. 

-0. 

0, 

n.O 

0.0 

0. 

137. ft 

60. 

b3v. 

0, 

n.O 

0.0 

0, 

-0. 

0, 

0.0 

0.0 

0. 

141  .9 

bO. 

422. 

n. 

n.O 

0.0 

0* 

-0. 

0, 

0,0 

0.0 

0. 

n.n 

0. 

-0. 

n. 

0.0 

0*0 

0, 

-0, 

0. 

n.O 

0*0 

0. 

n.n 

0. 

-0. 

n. 

n,fj 

0*0 

u» 

-0. 

0, 

n.O 

0*0 

0. 

o.n 

0. 

-0* 

0, 

n.i) 

0*0 

0. 

-0. 

0. 

n,0 

0.0 

0, 

n.n 

0. 

-0. 

ft. 

n*ft 

0.0 

0, 

-0, 

0. 

n.O 

0.0 

0, 

-0, 

-0. 

-0. 

-0- 

137. 


0. 

0. 

0. 

0. 

-5, 


243. 

211. 

292. 

324. 

78. 

61. 


5. 

0. 

-5. 

-5* 

•5. 

0. 


73.  -15. 
94.  -20. 
215.  -10. 


232. 

147. 

196. 

204. 

238, 


-5. 

0. 

5. 

5, 

5, 


P05I  t 
ft.O  0.0 
0.0 
0.0 
o.n 


ft.O 

n.O 

ft.O 


>ill93 

0. 


w*3  147.1 
1ft. 4  l4b.O 


1ft. 

Ift.s 

11.0 


l4d.  ft 

1-7.0 
145.1 


45 
45 
50 
50 
65 
65 
65 
70 
70 
70 
70 
75 
75 
75 
75 
75 
65, 
85 
85 
90 
130 

15. 8  128,6  130 
16.2  131.3  130 

17.1  li/9.0  130 
17,4  128.8  160 
17,0  130.0  160 
1«,8  134.7  160 
2n.3  133.6  160 

22.1  133.4  130 
2ft, 9  134,8  130 
24.0  133,0  130 
23.0  132.6  120 

20.9  134.9  110 

20.9  134.9  110 


11.3  144,4 

11. 8  144.9 
l?,0  144.4 
12,0  145,0 

11.5  J46.6 

11.4  144.5 
11,0  144.4 
1ft. 5  146.4 

16.6  M3.0 

16.8  137.5 

17.7  H6.R 

21.5  132.8 

21.6  JJ1.2 
IS, 2  1^9.5 

IS.o  128,2 

15. 7  129.3 


IK.O  127.1 
19,0  126.6 
19,1  126.2 
2ft, 5  124,3 
19,5  122.0 
21.0  121.0 
22,0  123.0 
24.0  123,0 
2^.5  123.0 
24.3  123.0 


UO 

110 

100 

80 

90 

90 

100 

95 

95 


>sr 

-0* 

.0. 


-0. 

?97. 
?19, 
IHB. 
isn, 
1  73, 
M7. 
69. 
79. 
I  60. 
lift. 
741. 

?p5- 

4  59. 
1  4.9. 
I4l. 
169- 
419. 
465* 
446* 
S11. 
4no. 
4ll. 
?ll. 
312. 
?9P. 

?r>0* 
1  S4. 
1  9l* 
?77* 
Sft3* 
168. 
lo6. 
117. 
I4l. 
172. 
148. 
179* 
?10. 
mb* 
4ft6* 
17l, 
117. 
4Rl. 

SRO. 

618. 

R97. 

1  I  45. 

1  1  97* 
-0* 
-D* 
-0. 
.0* 
-0. 
.0* 
«0, 
-0. 
-0. 
-0. 


0. 

0. 

S. 


IS. 

!«. 

5. 

-S* 

-10. 

-IS. 

-?0. 

-40. 

-ss. 

-ftS, 

-65. 

-75. 

-75. 

-Rt). 

-Rft. 

-6S. 

-IS. 

0. 

5, 

5. 

3S. 

15. 

35* 

IS* 

S. 

5. 

S. 


0. 

o. 

s. 

0. 

-15. 

-5. 

n, 

m* 

i«. 

?o. 

IS. 

?0. 

3«. 

30. 

30* 

0* 


AVG  FORfCrST  posit  6-RRftR 
avg  right  ansle  EROOR 

AVG  INTfNSIU  H4G^^TTIJOF  ERROR 
AVG  INTfNSITV  bias 
NUMBER  nF  FORECASTr 


Ai’L  PlPECftSTS 


wRkG 

?4-HR 

48-H^ 

7?-^R 

74. 

135. 

259. 

345. 

15. 

69, 

14?. 

2m, 

5. 

10. 

17, 

72. 

-3- 

-6. 

“5  • 

-7, 

6n 

56 

52 

43 

il.  2V 


127 


SUPER  TYPHOON  VERA 


•HfST  TMi‘r< 


HO/JA/HJ 

POSIT  ^ 

1S'> 

ilOtiuO? 

7.0 

145.  A 

2*: 

UUtJOb/ 

7.4 

144.7 

5F 

1  lUCl^7 

7.2 

143. k; 

HO 

i  lOiTlb/ 

7.6 

142.? 

f>n 

1103002 

6.0 

140.0 

HS 

1 103062 

8.6 

1  A 

70 

ll03iP2 

S'. 2 

1  17.1 

R5 

1 lOJi«2 

10. u 

1  15.1 

1  3A 

1  10<*UOZ 

10.3 

1  I3.n 

US 

11U406Z 

U  .1 

ni  .0 

I  A(l 

11041P2 

11.6 

1R9.5 

1  AO 

llOAlbZ 

12.0 

127.7 

US 

1 10:>o0z 

12.7 

125.0 

US 

110O06Z 

13,4 

124.0 

US 

1  loiiaz 

14,3 

124. 1 

ns 

1103182 

14.8 

123. S 

05 

llObOOZ 

lb. 3 

122.7 

05 

1  lObUbZ 

16.3 

1^2.3 

on 

llOblPZ 

17.0 

122.? 

Hn 

1106162 

17.6 

121.7 

AS 

llOZOOZ 

17.6 

121.2 

4A 

1 10T067 

IB. 3 

120.2 

35 

1107122 

17.0 

117.0 

3A 

\G 

rpRJRS 


OST 

i.1  Ml 

6,5 

1  45,A 

<iO. 

32, 

*b. 

7.3 

145,6 

30. 

54. 

-5. 

7.6 

1  44  .« 

55, 

Bl  . 

-5. 

7,3 

]  43. ft 

2b, 

OS. 

-b. 

7U 

1  41  .ft 

2b, 

68, 

-10, 

5.3 

UR**^ 

bb. 

u. 

-b. 

R.R 

1  37. A 

70. 

6. 

-25. 

7.H 

1  35,2 

ob. 

13, 

-45. 

10,5 

133.S 

1  c?b. 

29. 

-10, 

10.0 

Ul*4 

26. 

-15. 

n.5 

120,1 

Uu. 

13. 

-10. 

12.4 

127.1 

130, 

42, 

-5. 

12.7 

1  25.  ft 

Ub. 

6, 

-10. 

13.6 

124.7 

i20. 

17, 

-U. 

14.2 

124.1 

120, 

6. 

b. 

15.0 

123.1 

120. 

26. 

2b, 

1  3.3 

1  22.6 

95, 

13. 

0. 

16.4 

1  22. s 

90. 

13. 

0, 

17.1 

1  22.2 

90, 

6. 

10. 

)  7.P 

121.0 

8b, 

16. 

40. 

16.3 

121.7 

60, 

41  , 

20. 

19.2 

121. ft 

3b. 

1  05. 

0. 

19.2 

121. ft 

25, 

257. 

-5. 

2t  HOitK  FOKEUAsI 

EkKJ'^S 


pastt 

xUn 

jsT  •iMi> 

7.n 

142,5 

30. 

lU. 

•3S, 

8.7 

1  43,2 

70. 

248.  A. 

6.7 

141  . ft 

73. 

279. 

•2A, 

7. ft 

1  4  A  ,  7 

75. 

3b6. 

•5S, 

8.  A 

13k, 1 

75. 

222. 

•60. 

11.2 

131U 

75. 

41. 

•6S, 

11.7 

120. ft 

H5. 

30. 

■5S. 

12. S 

12«.S 

1  10. 

5?.  ftps. 

12.4 

127. s 

130, 

9?. 

-s. 

1  3. A 

124,0 

130, 

24. 

-5. 

14, A 

121. S 

lOO. 

151. 

•IS. 

15.7 

l2n.7 

100. 

170. 

s. 

16. A 

1  2A.  1 

85, 

l4i*  •10, 

16.3 

iPn.A 

80, 

109.  «10. 

17. ft 

122.5 

1  OO, 

34. 

an. 

10.4 

123,4 

1  OO. 

114. 

5S. 

18.7 

122.2 

60. 

7b* 

2A. 

19.0 

123,  A 

70. 

202. 

35. 

20,3 

122. ft 

70. 

340. 

4A. 

0.  A 

O.A 

0. 

-0. 

0. 

O.n 

O.A 

0, 

-0. 

A. 

0*n 

A.O 

0. 

-0. 

A. 

O.n 

n.ii 

0. 

-0. 

A. 

4rt  HOii^  FoWFCttST 

FQRO^'i 


POSIT 

wInD 

AST 

81NU 

7,6 

139.4 

40. 

4l  5. 

•05. 

0.7 

140.1 

60. 

541. 

-60. 

0,9 

13H.9 

65, 

573. 

•55. 

ft  .5 

137.6 

65. 

bl  8. 

-50, 

in, 2 

130.3 

85. 

293. 

-60. 

1  3,>» 

125.9 

75. 

59. 

-60, 

14.7 

124.5 

60. 

33. 

•35, 

1  5.7 

12  3.9 

1  00. 

53. 

5, 

15.3 

123.9 

120. 

70, 

25. 

15.3 

122.7 

l20. 

64. 

30. 

1  ft.  I 

L2L.1 

bU. 

140, 

-20, 

1ft. 8 

121*6 

60. 

1  ?0. 

15. 

1ft. 3 

121.3 

60. 

fto. 

20, 

1  ft. 8 

122.3 

60. 

142, 

25. 

?A,7 

126.0 

70. 

506, 

40. 

n.o 

0.0 

0. 

-0. 

0. 

n.n 

0.0 

0. 

-0, 

0, 

A.O 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0, 

0, 

A.O 

0.0 

U. 

-0. 

0. 

A.O 

0.0 

0. 

-0. 

0. 

0,0 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

*i  H3'J«  -ORCCA*!! 


POSIT 

VM3 

nST 

<<TNU 

ft. 3 

136.4 

50, 

870  • 

-AS, 

in.  9 

137.0 

Bb, 

7??, 

-sn. 

1 1.2 

135.9 

95. 

7l2. 

-?n. 

ft.  1 

134,4 

95. 

7?2. 

0. 

12.6 

1P4.B 

95, 

bl?. 

n. 

17.6 

122.3 

75. 

78. 

-15. 

1ft. 7 

122.6 

75. 

1  A4. 

-s. 

10.3 

122.4 

80. 

UT. 

35. 

1ft. 0 

122.2 

llu. 

ftl. 

70. 

17,8 

122.1 

no. 

112. 

t5. 

21.0 

128.0 

50. 

870. 

7{1. 

0,0 

0.0 

U. 

.0. 

(U 

n.o 

0.0 

U. 

-0. 

0. 

n.o 

0.0 

0. 

.0. 

A. 

n.o 

0.0 

0. 

•  0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

.0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

A.O 

0.0 

0. 

-0. 

0. 

A.O 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

n. 

n.o 

0.0 

0. 

.0* 

A. 

AVtj  FORrrAST  POSIT  FWROK 
Avb  right  angle  ERdOW 
AVb  INTFmSIIV  HAGNTTUUf  ERROR 
AVG  iNlFvSirT  -JTAS 
WJMStH  OF  FORECASTS 


aTl 

wNng 

forecasts 

54_HR  48-H9 

7?-hF 

43. 

148. 

249, 

3ft5, 

bO, 

69. 

111, 

247, 

12. 

P&* 

39. 

14, 

-3. 

-10. 

-19. 

?. 

23 

19 

15 

11 

7 

1 

b 

tropical  storm  WAYNE 


HFST  T^Ar^  (JARvjtNG 

frRORS 


MO/OA/HR 

P3S1T  wun 

pnsiT 

WINI 

DST 

WIN3 

11U700Z 

9.9 

141. S 

15 

O.n 

O-n 

0. 

-0. 

0. 

110  706Z 

12.4 

141. f» 

15 

0.0 

O.n 

0. 

-0. 

0. 

IIOTIZZ 

14.4 

U9.ft 

15 

0.0 

0.0 

0. 

-0. 

0. 

110718Z 

14.8 

U7.7 

2n 

0.0 

O.n 

0. 

-0. 

0. 

llOBOOZ 

15.0 

U5.7 

2a 

0.0 

O.A 

0. 

-0. 

u. 

llUtt06Z 

15.4 

133.8 

25 

15.3 

1  34.5 

52. 

0. 

1108122 

16.4 

U2.1 

3n 

16.3 

132.3 

30. 

13. 

0. 

1108182 

16.0 

130.5 

3n 

17.1 

130.5 

30, 

66. 

0. 

110900Z 

15.8 

lb9.ft 

35 

16.0 

1  29.0 

35, 

53. 

0. 

110906Z 

15.8 

lb9.ft 

4n 

15. ft 

1  28. ft 

3S. 

57. 

-5. 

110912Z 

16,2 

1?9.7 

4S 

1  5. ft 

1  29.7 

^5. 

24. 

0. 

11091BZ 

16.9 

1?9.3 

45 

16.5 

129.7 

bO, 

33. 

5. 

lllUUOZ 

17.5 

l?9.n 

5A 

17.7 

1  29*3 

50. 

21. 

0. 

111U06Z 

17.8 

1?8.0 

bn 

IB. 3 

129.2 

50. 

34. 

0. 

lllUi2Z 

IB.O 

128.7 

bn 

IB. 6 

12B.3 

50. 

42. 

0. 

illOlBZ 

IB. 2 

1?B.8 

5n 

13.2 

128.7 

50. 

6. 

0. 

llllUOZ 

IB. 6 

128.5 

40 

18.7 

128.5 

40, 

6. 

0, 

111106Z 

IB. 8 

UB.S 

35 

19.0 

12B.4 

3b. 

13. 

0. 

111112Z 

IB. 9 

i?e.? 

25 

18. ft 

128.5 

2b, 

Ift. 

0. 

llllldZ 

18.7 

I?7,ft 

25 

13. ft 

128.5 

25. 

40. 

0. 

ni2ooz 

IB. 3 

127.3 

25 

0.0 

O.A 

0. 

-0. 

0. 

111206Z 

18.1 

126.  ft 

3n 

18.1 

1  26. ft 

30. 

0. 

0. 

1112122 

17.8 

126.? 

3n 

IB, A 

126.5 

30. 

21. 

0. 

1U218Z 

17.4 

125.5 

3n 

17.9 

126*2 

30. 

50. 

0. 

111300Z 

16.9 

124.  ft 

25 

17.2 

125. n 

25, 

21. 

0. 

111306Z 

16.2 

123.7 

25 

16.6 

123. ft 

2b, 

25. 

0, 

niiuz 

15.7 

122.8 

25 

15.7 

122.8 

25. 

0. 

0. 

IU31BZ 

15,2 

1?1.A 

?n 

15.2 

1  21.5 

20, 

6. 

0. 

2a  mohk  FOrtECASf 
Ert«^>'*S 


PnSiT 

HIND 

•I'tfO 

O.A 

o.n 

0. 

-u. 

n. 

O.n 

n.o 

0. 

-u« 

A. 

0.0 

n.o 

0. 

-0. 

A. 

O.A 

n.n 

0. 

-0. 

A. 

O.n 

n.n 

0. 

-0* 

n. 

1  B.1 

l3n.3 

UO,  139. 

lA. 

1  9.4 

127.4 

05.  232* 

2A. 

19.5 

125. ft 

45,  252. 

A. 

16. ft 

124.1 

4S'.  290. 

-5. 

16.3 

124.4 

25. 

272. 

•25. 

16.7 

127. ft 

b5. 

90. 

5. 

17.8 

12ft. 2 

60. 

49. 

in. 

2l.? 

129. ft 

60. 

174. 

20. 

21.8 

l2ft.ft 

55,  18b. 

2n. 

20.5 

1  26.4 

55. 

139. 

30. 

19.5 

127.1 

55, 

62. 

3A. 

20. ft 

12H.4 

35,  162. 

m. 

20.7 

12R.3 

30.  17N 

n. 

o.n 

o.n 

0. 

-0* 

A. 

0,0 

n.o 

0. 

-U* 

A. 

o.n 

n.o 

0. 

-0. 

A. 

17.5 

125,2 

35. 

11b. 

lA. 

17.3 

124, ft 

35. 

163. 

lA. 

17.5 

124.5 

30. 

22b. 

lA. 

o.n 

n.n 

0. 

-0. 

A, 

O.A 

n.n 

0. 

-0. 

A. 

0.0 

n.n 

0. 

-0. 

A. 

o.n 

n.n 

0. 

-0. 

A. 

40  M0ij^«  FoRFCaST 
FRRoRS 


POSIT 

MInO 

DST 

BIND 

A.O 

0.0 

0. 

-0. 

0. 

A.O 

0.0 

0. 

-0. 

0. 

A,U 

0*0 

0. 

-0, 

0. 

n.n 

0.0 

0. 

-0. 

0. 

0.0 

0.0 

0. 

•0. 

0. 

21  ,5 

130.3 

bb. 

235. 

5. 

21.0 

126.4 

65. 

221  , 

15. 

21  .5 

124.1 

5b. 

321. 

5. 

22. ft 

123.5 

30. 

375, 

-lo. 

n.n 

0.0 

0. 

-0. 

0. 

1  7.6 

123.6 

45. 

272. 

20. 

10.S 

129.5 

bo. 

in7. 

25. 

24,7 

134.9 

45. 

569. 

20. 

25.3 

135.1 

45. 

630. 

15. 

23,6 

127.2 

40* 

351. 

10. 

??,3 

126.2 

40. 

295, 

10. 

23.9 

128.9 

30. 

477. 

5. 

23.0 

128.6 

30. 

491, 

5. 

n.n 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0, 

0. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

0.0 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

•0, 

0. 

iz  hour  FnRFC4*ST 


HOSit 

BlNO 

nST 

btno 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

.0. 

0. 

n.o 

0.0 

0. 

.0. 

0. 

n.o 

0,0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

24.B 

134,9 

45. 

5n4. 

10. 

24.5 

128.4 

40. 

335. 

lb. 

24.8 

125.8 

35. 

3ftl. 

10. 

O.O 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

23.0 

133.3 

30. 

S50. 

n. 

n.o 

0.0 

0. 

.0. 

n. 

n.o 

O.D 

0. 

.n. 

n. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0* 

0. 

0.0 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

0.0 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

n. 

n.o 

0.0 

0. 

-0. 

0. 

A.O 

0.0 

0* 

-0. 

0. 

n.o 

0.0 

0. 

-0* 

0. 

A.O 

0.0 

0. 

.0. 

0. 

n.o 

0.0 

0. 

-0. 

0. 

AVG  FORfCAST  posit  fRROW 
AVG  RIGhI  angle  ERooR 
AVG  INTfNSITY  HAGNTTIIDF  ERROR 
AVG  INTFNSIir  RTAS 
NUMitR  nF  FD«ECAST«; 


Ai'L 

ftftWG 

forecasts 

?4-Hft  4B-HR 

7?-H« 

27, 

170. 

362, 

443. 

14. 

US. 

295. 

413. 

0, 

13. 

12. 

9. 

0. 

10. 

lo. 

9. 

22 

16 

12 

4 

128 


TROPICAL  DEPRESSION  26 


BFST 

TPflfK 

jARmi^jg 

MO/i>a/hp 

POSIT 

w  I 

PflSiT 

viN'i 

DST  #<TN-J 

ll29iBz 

12.2 

1  BA  ,  e; 

U 

o.n 

O.n 

0. 

•0. 

0 , 

113UU07 

13.6 

ISA.  A 

is 

0,0 

O.n 

0, 

-0  , 

0 , 

U3UD6Z 

U.^ 

1  54  ,  A 

is 

o.n 

O.n 

0. 

-0, 

0, 

113012/ 

16.2 

ISA.  3 

2n 

0.0 

O.n 

0. 

-0. 

0 , 

1 13018/ 

17,  A 

1S3.S 

2s 

o.n 

O.n 

0. 

-0, 

0 , 

120100/ 

18. b 

IS?.  T 

?s 

19,7 

1  52. •? 

26. 

1  3, 

0  , 

120106/ 

19.7 

ISl  .A 

3a 

19,  A 

1  51  .s 

30. 

6. 

0  , 

120112/ 

20.9 

1  SO  -7 

3n 

20.9 

1  51. T 

30, 

31. 

0. 

120118/ 

22.5 

iso.n 

3n 

22.2 

1  50.S 

30, 

33. 

0, 

120200/ 

24.2 

1  A9,B 

3n 

24,5 

1  50-n 

30. 

21  . 

0, 

12U2U6Z 

26.7 

ISO.S 

3n 

25.4 

1  50.4 

30, 

19. 

0, 

120212/ 

28.2 

IS2.1 

IS 

0.0 

O.n 

0. 

-0, 

0. 

24  wn‘iH  ^o^^ECAii^ 
CMH  Jr«S 


M\  VO 

jsl 

•IMP) 

0,0 

n,  n 

0, 

-y  • 

n. 

O.n 

n.n 

0. 

*-u  • 

n. 

O.n 

n .  n 

0. 

-0. 

n* 

O.n 

o.n 

0. 

-u. 

n  , 

O.n 

0,0 

0. 

-0. 

n  • 

94  ,  t 

1  4P,7 

30. 

ly. 

n  • 

95, n 

ISn.fi 

30. 

60. 

n  • 

96, fl 

151.7 

30. 

80. 

IS. 

O.n 

0.0 

0. 

-0. 

n. 

O.n 

o.n 

0. 

•0  ■ 

n , 

0.0 

n.n 

0. 

-u. 

n. 

O.n 

n.n 

0, 

-u. 

n. 

90  riOn*<  FoRFCfiST 


POSIT 

wInD 

nsT 

VINO 

.0 

0.0 

u* 

-0, 

0, 

.11 

0*0 

0. 

-0. 

0. 

.  n 

0.0 

0, 

-u. 

0. 

.n 

0.0 

0. 

-0, 

0. 

.  n 

0.0 

0. 

-0. 

0. 

■  n 

0.0 

0. 

-0. 

0. 

.n 

0.0 

0. 

-0. 

0. 

.11 

0.0 

0. 

-0. 

0. 

.1* 

0*0 

0. 

-0. 

0. 

.n 

O.U 

u. 

“0. 

0. 

.11 

0.0 

u« 

-0. 

0. 

.0 

0.0 

0. 

-0. 

0. 

P0«il 

n.O 

0,0 

n,o 

ti,u 

n.O 

0,0 

0.0 

0.0 

n.O 

0.0 

n.O 

0,0 


hOU»^ 


f  (rfiv:) 
0.0  0. 
O.U  0. 
U  .  0  0  « 

O.li  0. 
0.0  0. 
0.0  0. 
0.0  0. 
0.0  u . 
0.0  0» 
0.0  0. 
0.0  0, 
0,0  0. 


-0.  n. 
-n.  II. 
-0.  n. 
-0.  0. 
•  0.  I). 

-0.  0, 
.  n  .  0  • 
-0*  n. 
-0*  n. 

.  0  •  I)  • 
>0.  0. 
>0.  0. 


AVG  FORfCAST  posit  riiRnW 
AVG  RIGrI  A^GLt  E-TPOR 
AVG  INTFNSIIr  HAGVTTUlJr  EPRl>P 
AVG  INTF«5Ily  BIAS 
NUMiJER  oF  forecasts; 


Al't 

'-IPECASTS 

vKMG 

9A-^R  48-fi9 

79-^p 

91 . 

55.  n. 

0, 

»6. 

26.  0. 

0. 

n . 

5,  n. 

0. 

0. 

5.  0. 

0. 

A 

3  0 

0 

1 

TYPHOON  ABBY 


BEST  TRACK 


HO/OA/Ho 

'  POSIT 

WIND 

POStT 

112900/ 

6.8 

lA9.n 

Is 

0.0 

O.n 

112906Z 

6.8 

168,3 

is 

0.0 

0.0 

112912/ 

6.8 

i67.7 

IS 

0.0 

0.0 

112918/ 

6.7 

166. Q 

IS 

o.n 

O.n 

113000/ 

6.7 

166.3 

is 

o.n 

0.0 

113006/ 

6.6 

1S5.S 

2n 

0.0 

0.0 

113012Z 

6.5 

164.9 

20 

0.0 

0.0 

1 130187 

6.3 

164.9 

20 

0,0 

0.0 

120100/ 

6.2 

163.4 

20 

0.0 

O.n 

120106/ 

5.9 

l62.q 

2s 

0.0 

O.n 

120112/ 

5.0 

161. q 

25 

0.0 

0.0 

120118/ 

5,7 

160.9 

3(1 

6.0 

]  61.1 

120200/ 

5.0 

160.1 

40 

5.7 

160.1 

120206/ 

5,9 

1S9.A 

40 

5.4 

1  59.1 

1202127 

6.0 

159, A 

45 

5,9 

159.1 

120218/ 

6.1 

IS9.1 

4S 

6.0 

15R.9 

1203007 

6.3 

1S9, 1 

45 

6.3 

159.0 

1203067 

6,5 

lS9.n 

40 

6.3 

159.0 

120312/ 

6.8 

ISA. 9 

40 

6.4 

1  59.0 

120318/ 

7,3 

158.9 

40 

6*7 

1  58. 6 

120400/ 

8.1 

158.1 

4S 

B.1 

1  58. S 

120406/ 

8.2 

157.4 

SS 

8.4 

157.7 

1204127 

8.2 

156.4 

6n 

8.9 

1  56.1 

120418/ 

8,2 

1S5.9 

6A 

3.3 

1  54.  ft 

120300/ 

8.2 

155.1 

60 

8.5 

1  53.  ft 

120506/ 

6.  1 

1S4.9 

60 

B.3 

154.4 

1203127 

8.0 

1S3.3 

6n 

7. ft 

153. P 

120518/ 

8,3 

152, S 

bn 

7, ft 

152.0 

120600/ 

b.b 

151.9 

3s 

8,3 

151.4 

1206067 

9.2 

ISl  ,n 

3n 

8.9 

1  50.9 

120612/ 

9.5 

149. P 

3n 

9.4 

1  5n.3 

1206187 

9.8 

148.1 

3n 

9*9 

1  49.1 

120700/ 

10.0 

146.7 

30 

10,1 

1  45. S 

1207067 

10.2 

U5.Q 

35 

10.2 

1  43.9 

120712/ 

10.6 

145.1 

3S 

10. ft 

1  43.0 

120718/ 

n.O 

1 44  .  P 

35 

1  1.0 

1  45.0 

1208007 

11,7 

144.1 

3S 

11.4 

144. S 

120806/ 

12.1 

U3.1 

3n 

11.9 

1  43.9 

120812/ 

12.2 

142.1 

'in 

12.2 

142.  1 

1208187 

11.8 

140. A 

3a 

12,5 

1  40.9 

1209007 

ri.4 

138.Q 

3S 

11.4 

1  39. ■> 

120906/ 

n.O 

137.4 

3S 

11.3 

137. ft 

120912/ 

10.3 

1  16. n 

4i| 

10.4 

135.1 

120918/ 

10.5 

114.7 

4S 

10. n 

1  33.7 

121000/ 

n.3 

133.1 

30 

11.3 

1  33. ft 

121006/ 

n.7 

1  32.9 

Art 

n.7 

1  32.4 

121012/ 

12.3 

132.1 

7n 

12.1 

1  32.9 

121018/ 

13.1 

131.9 

7S 

12.9 

1  31  .S 

121100/ 

13,7 

1  30. A 

HO 

13.7 

130.7 

121106/ 

14.2 

1  10. 1 

MS 

14.? 

1  30.0 

121112/ 

15.0 

1  30. 1 
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10,9 

134.0 

20 

0.0 

0,n 

0. 

-0. 

0. 

o.n 

n.n 

0. 

-u. 

n. 

n.o 

0.0 

0* 

-0. 

0. 

n.o 

0.0 

0. 

-0, 

1220062 

11.3 

132.8 

20 

0.0 

0*n 

0. 

-0. 

0. 

O.n 

n.n 

0. 

-0. 

n. 

n.o 

0.0 

0* 

-0. 

0. 

n.o 

0.0 

0, 

-0. 

0. 

1220122 

11,6 

130.0 

25 

0,0 

O.n 

0, 

-0. 

0. 

O.n 

o.n 

0. 

-0. 

n. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

•0  • 

0  • 

1220182 

11*6 

129.9 

30 

0.0 

o.n 

0. 

-0. 

0. 

O.n 

n.n 

0. 

-0. 

n. 

0.0 

0.0 

0. 

-0. 

0. 

n,o 

0.0 

0. 

-0. 

1221002 

11*5 

127.4 

40 

0.0 

o.n 

0, 

-0. 

0. 

O.n 

n.n 

0, 

-0. 

n. 

0.0 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

oO, 

n. 

1221062 

11*4 

126.0 

5ft 

11.5 

125. « 

50. 

8. 

0. 

12.6 

122.1 

35. 

93. 

14.7 

119.3 

35. 

IQ9. 

0. 

n.o 

0.0 

0, 

-0, 

0, 

1221122 

11.8 

124.3 

40 

11.6 

124.4 

45. 

21. 

5. 

13. n 

121  .2 

35. 

115. 

•20. 

15.1 

118.6 

35. 

375. 

10. 

n.o 

0.0 

0. 

-0. 

0. 

1221162 

12.2 

123.0 

40 

11. R 

122.7 

40. 

30. 

0. 

13.7 

ll«.n 

35, 

88. 

•25. 

0.0 

0.0 

0. 

-0, 

0, 

n*0 

0.0 

0, 

-0, 

0. 

1222002 

12.7 

121.0 

45 

12.7 

121. P- 

50. 

6. 

5. 

14,3 

117. 7 

♦0. 

130. 

•15. 

n.o 

0.0 

0. 

-0. 

0, 

n.o 

0.0 

0* 

-0. 

n . 

122206Z 

13.0 

120.5 

SO 

13.0 

120.4 

40, 

6. 

-10. 

15.5 

114.4 

35, 

281* 

n. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0* 

«0. 

n  • 

122212Z 

13.8 

119.4 

55 

13. r 

1 19. n 

50. 

24. 

-5, 

17.7 

117. n 

35'. 

3BU* 

in. 

n.o 

0.0 

0* 

-0. 

0. 

n.o 

0.0 

0* 

>0. 

n  . 

1222iez 

14.6 

119,2 

4ft 

14.3 

118.2 

50. 

61. 

-10. 

O.n 

n.n 

0. 

-U. 

n. 

n.o 

0.0 

0* 

-0, 

0, 

n.o 

0.0 

0. 

..0. 

0, 

122J00Z 

15.6 

119.5 

55 

15.6 

i  19.4 

55. 

6. 

0. 

O.n 

n.n 

0. 

-u. 

n. 

n.o 

0*0 

0. 

-0, 

0. 

n.o 

0.0 

0. 

*0, 

t>  • 

1223062 

17.6 

121  .0 

35 

16.9 

119.5 

♦5. 

75. 

10  . 

O.n 

n.n 

0. 

•  0. 

n. 

n.o 

0*0 

0. 

*0. 

0. 

0,0 

0.0 

0. 

-0* 

n. 

122312Z 

19.6 

123.4 

25 

19.4 

122.1 

25. 

103. 

0. 

O.n 

n.n 

0. 

-0. 

n. 

n.o 

0*0 

0. 

-0. 

0. 

0.0 

0.0 

0. 

-0. 

0. 

aTl 

forecasts 

WHwG 

24-HR 

48-H^ 

7r-HR 

A96 

forfcast  Posit  frror 

34. 

1B1. 

287, 

n. 

AV6 

right  A9GLE  error 

18. 

89. 

16. 

n. 

AVG 

INTfNSITT  MAG9TTU0F  ERROR 

5. 

14, 

5, 

n. 

*VG 

INTfnSITT  bias 

-1. 

-11. 

3. 

n. 

NUMBER  nP  forecasts 

in 

6 

2 

2 

1 

0 

130 


Z  NORTH  INDUN  OCEAN  CYCLONE  TRACK 
DATA 


1C  n~i9 


rest  track  wARmTMG  2a  Hn«««  FORECAST  4B  HOilR  FoRFCaST  i2  hOUR  FoRfCA^T 

ERRORS  EKRJKS  EPRnRS 


NO/OA/MS 

POSIT  WTNO 

POST! 

wiNO 

OST 

WIN3 

Post  T 

K»lNO  ObT  AIMD 

pnSiT 

8lND 

OSI 

«#INR 

Posit 

MIND 

OST 

NT  NO 

050SD8Z 

6,3 

90. Q 

Is 

0.0 

0.0 

0, 

-0, 

0. 

0.0 

0.0 

0.  -O.  0. 

0,(1 

Q.Q 

0* 

-0. 

Q. 

n.o 

0,0 

0. 

•0* 

(1* 

050914Z 

6,4 

90.4 

2n 

0.0 

0*0 

0. 

-0, 

0. 

O.O 

0,0 

0,  -0.  0. 

n.u 

0.0 

0. 

-0. 

0, 

0.0 

0.0 

0. 

-0. 

n. 

050520Z 

6,S 

89.7 

20 

0.0 

O.n 

0. 

-0. 

0, 

O.n 

0,0 

0.  -U*  n. 

n,{i 

0.0 

0* 

-0. 

0. 

0.0 

0.0 

0. 

,.0. 

0. 

0&0602Z 

6.6 

89.  1 

2S 

0.0 

0.0 

0,. 

-0. 

0. 

O.n 

n.n 

0,  -0.  0, 

0,0 

0.0 

0. 

-0, 

0. 

0,0 

0.0 

0. 

-0. 

0, 

osofeoez 

7.0 

BS.A 

2S 

0.0 

0.0 

0. 

-0, 

0. 

O.n 

n.n 

0.  -U*  0, 

0,0 

0*0 

0. 

-0. 

0. 

0,0 

0.0 

0. 

.0. 

0. 

050614Z 

7,5 

88.4 

30 

7.2 

87.7 

30. 

45. 

0, 

8.7 

8S.R 

35.  129, 

10. 1 

84.5 

45. 

943, 

-15, 

19.0 

64. 0 

55. 

9ol. 

-s. 

050620Z 

7.6 

SB.n 

30 

7,4 

37. S 

30. 

32. 

0, 

8.0 

as.s 

35,  148.  «10. 

1  O.R 

84. 1 

45, 

949. 

-15. 

19.7 

M4.3 

55.  145. 

-S. 

050702Z 

7.1 

87, R 

3s 

7.9 

8B.n 

35, 

49. 

0. 

9.4 

88.2 

a5,  262*  . 

1  1  .? 

8B.7 

55. 

9S7. 

-10. 

13.3 

M9.7 

65.  393* 

0. 

05070ez 

6.7 

87-9 

3S 

7,? 

87.7 

35. 

42. 

0, 

8.7 

87. S 

45,  I7y.  "IS. 

10, s 

88.2 

55, 

1R5. 

-10, 

19.6 

o9.4 

65. 

3r»8. 

-5. 

050714Z 

6,7 

’B6  ■  ft 

40 

7.6 

87.1 

40. 

61. 

0, 

9.Q 

87, Q 

50.  222.  Ain, 

1  9,0 

89.0 

65. 

947. 

5. 

14,0 

90.7 

70*  470* 

•s* 

050720Z 

6*4 

86.1 

4S 

7.5 

86.4 

45, 

72. 

0. 

9.S 

8S,R 

bQ.  148.  0. 

1  1  ,6 

86.7 

70. 

113, 

10. 

13.0 

»'5,8 

75. 

3?7. 

0* 

0SOB02Z 

5.8 

86,  n 

bn 

6.3 

B6.0 

30, 

66. 

0, 

7.4 

83.9 

60,  184.  -S, 

B,S 

80.0 

56, 

315. 

-10. 

M.4 

T6.7 

50. 

4l2. 

-25* 

OSOBOBZ 

5,9 

86.4 

60 

5.S 

S6»n 

60. 

30. 

0, 

4.9 

83,4 

65.  254,  0. 

4.9 

80.2 

70. 

470. 

0. 

S.3 

77.1 

70. 

S73. 

-lO. 

0S0U14Z 

6,5 

86.4 

60 

5.2 

85.4 

60. 

90. 

0, 

4.0 

89,4 

65,  330.  4, 

*^.f) 

79.2 

7o* 

511, 

-5, 

s,5 

76.1 

70.  S90. 

-\5* 

0508202 

7U 

86.4 

6o 

5,9 

86.9 

60. 

73. 

0. 

5,7 

84,3 

65,  275.  4. 

4,4 

84*0 

7o. 

439. 

-5, 

*^.4 

MO. 5 

70. 

S7l  « 

-15. 

050902Z 

7.6 

86.3 

6S 

7.3 

06.9 

65, 

19. 

0, 

8.9 

84,9 

70.  IBi*  4. 

9,!1 

81*5 

65* 

249. 

•10, 

9.4 

79.7 

60.  398. 

-20. 

050908Z 

8.2 

86.1 

6S 

7,9 

65.8 

65. 

30. 

0. 

9,0 

84.1 

70.  161.  0. 

10.3 

81*5 

65. 

191, 

•15. 

n.o 

78. 7 

60. 

9#,4. 

-3«. 

050914Z 

9.2 

85.9 

Go 

8.8 

85. A 

60. 

30. 

0, 

10,4 

83. S 

55,  114.  m^n. 

11  ,9 

81*2 

90. 

111. 

•35. 

19.7 

78.9 

45. 

198. 

-15. 

050920Z 

10.3 

85:3 

60 

10.4 

85.9 

60. 

8. 

0. 

l2,9 

89.7 

60.  42*  ■14, 

1  3.(1 

80*8 

55. 

70. 

-30. 

13.3 

78.9 

30. 

996. 

-20* 

0510022 

11.2 

84.4 

6S 

10.9 

84.3 

95, 

25, 

0. 

12*3 

81  .R 

60,  6r.  *14, 

13.0 

80. 0 

60. 

ml. 

-20. 

0.0 

0.0 

0. 

«0. 

ii* 

051008Z 

11.7 

84,9 

70 

11.6 

83.9 

75. 

19. 

5, 

12,S 

81.4 

85.  7b*  4. 

13.1 

79.4 

55. 

132. 

-25, 

n.o 

0.0 

0. 

«0. 

0. 

O5J0I4Z 

12.3 

83.7 

7S 

12.1 

33.4 

75. 

21. 

0, 

13.9 

01  ,9 

H5.  42.  0. 

14.0 

79.4 

So. 

190. 

•  10. 

0.0 

0.0 

0. 

.0. 

0. 

051020Z 

12.7 

83,9 

7S 

12,7 

83.4 

75, 

12. 

0, 

13.7 

81  .4 

85.  33.  0, 

lA.S 

79.8 

So. 

178. 

0. 

0*0 

0.0 

0* 

*^0* 

0. 

051102Z 

13.0 

82,7 

7S 

13.1 

B2.A 

80. 

8. 

5, 

14.1 

80.  q 

MS:.  25.  4. 

A.O 

0.0 

0. 

-0. 

Q. 

n.o 

0.0 

0* 

*0* 

0* 

05U08Z 

13.4 

82.3 

80 

13.2 

82.3 

90. 

12. 

10. 

14.9 

00, S 

t05,  64.  24, 

o.u 

0.0 

0. 

•0. 

0, 

0.0 

0.0 

0. 

.0* 

0* 

051U4Z 

13,7 

81.7 

«S 

14.2 

80.9 

95. 

55. 

10. 

16. s 

78.9 

30.  70.  •3n, 

0,0 

0.0 

0. 

-0, 

0, 

n.o 

0.0 

0, 

.0. 

0* 

051120Z 

14.1 

81,9 

8S 

14.1 

30.8 

95. 

23. 

10. 

16.0 

7R.S 

30,  64,  ■20, 

•  0.0 

0.0 

0, 

-0. 

0. 

0.0 

0.0 

0. 

•  0. 

«* 

051202Z 

1A.5 

80.8 

80 

14.4 

80.S 

90, 

18. 

10. 

0.0 

0.0 

0 .  “0 .  0 . 

o.u 

0*0 

0* 

-0. 

0. 

0.0 

0.0 

0. 

«0. 

0. 

051206Z 

15.2 

80.1 

Rn 

14,9 

80. S 

B5. 

33. 

5. 

0,0 

n.n 

0.  -0*  0. 

0,0 

0*0 

0* 

-0. 

0, 

n.o 

0.0 

0. 

•0. 

0* 

051214Z 

16.0 

79.3 

60 

15.2 

79.9 

60, 

59, 

0, 

0.0 

n.o 

0.  -0.  0. 

n.o 

0*0 

0* 

-0, 

0. 

n.o 

0.0 

0. 

«0« 

n* 

051220Z 

17.0 

78.1 

5(1 

17.0 

78.1 

50. 

0. 

0. 

0.0 

0.(1 

0.  -0*  n. 

n.o 

0*0 

0* 

**o. 

0. 

0,0 

0.0 

0. 

•0. 

n* 

ai’l  forecasts 


NRwG 

94-HR 

4B.hR 

79. ^R 

A^G 

forecast -POSIT  FRRrtR 

96. 

139. 

233. 

346, 

AVG 

righi  angle  error 

17. 

95. 

192, 

206, 

AVG 

intensity  MAGntTUOF  error 

2. 

9. 

13. 

19. 

AVG 

intensity  bias 

2. 

-S. 

-11. 

-19. 

NUMBER  oF  FORECASTS 

24 

22 

18 

u 

TC  18-79 


BEST  TRACK  rAAmjihG  2a  HoHK  FORECAST  48  HOmB  FoRFCaST  *2  HDUB  Ff'OrCAFT 

fRRORS  EHHans  FRRORS 


NO/OA/HR 

POSIT  1 

KlWfl 

POStT 

k(lN3 

OST 

WIN3 

PnSTT 

NiNO 

05T 

AIwO 

POSIT 

wlNO 

nsT 

rfiNO 

POSit 

NINO 

OST 

HTNI) 

0617142 

17.7 

66.4 

25 

0.0 

0>n 

0. 

-0. 

0. 

O.n 

o.n 

0. 

-0. 

n. 

n.o 

O.Q 

0. 

-0. 

0, 

n.o 

0.0 

0. 

-0. 

n* 

061720Z 

17.9 

65.  S 

30 

0.0 

0*0 

0. 

-0. 

0. 

O.n 

n.n 

0. 

-0* 

n. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0* 

-0. 

0* 

061802Z 

18,0 

64.8 

30 

18.3 

65.3 

40. 

34. 

10. 

>9.5 

64  •  6 

bO, 

238. 

n. 

91  ,b 

65.0 

60. 

476, 

20. 

0,0 

0.0 

0. 

-0* 

0* 

OblBOSZ 

18.0 

64.  n 

35 

18.4 

64*9 

40, 

56. 

5. 

>9.4 

6a,I 

b5. 

248. 

5. 

97.0 

64.8 

60. 

482. 

35. 

n.o 

0.0 

0* 

-0. 

0* 

061814Z 

18*2 

63,1 

An 

18.2 

63. « 

40. 

5, 

19.4 

6P.3 

bS, 

170. 

5, 

97.6 

63.5 

60. 

445. 

40. 

n.o 

0.0 

0. 

.0. 

0. 

061B20Z 

IB. 2 

61.  A 

45 

IS. 5 

62.4 

45. 

38. 

0. 

19.7 

50.3 

bS. 

4b. 

4. 

71  .4 

56.5 

40* 

mo. 

25. 

n.o 

0.0 

0. 

-0* 

0. 

061902Z 

ia,o 

60.7 

5n 

IB. 7 

61.7 

50. 

70. 

0. 

90.  n 

58*4 

bO, 

6b* 

in. 

n.o 

0*0 

0* 

-0. 

0, 

n.o 

0.0 

0* 

-0* 

0* 

OblVUBZ 

18*4 

59.0 

Sn 

18.7 

59.9 

50. 

18. 

0. 

?Q*7 

57*1 

30* 

77. 

5. 

n.n 

0*0 

0* 

-0. 

0. 

n.o 

0.0 

0* 

.0* 

0. 

061914Z 

ib*b 

59.4 

50 

IB. 5 

58*4 

50. 

59. 

0. 

20.P 

54*1 

25-.  lib. 

4. 

n.o 

0*0 

0* 

-0. 

0. 

n*0 

0.0 

0, 

-0* 

0. 

061920Z 

19.1 

58.8 

Sn 

19,0 

5«*3 

50. 

29. 

0. 

O.n 

n.n 

0. 

-0  • 

n. 

n.o 

0*0 

0* 

-0, 

0. 

n.o 

0.0 

0* 

-0* 

n* 

062002Z 

19.2 

57.0 

40 

19.4 

59*n 

SO. 

69. 

10. 

o.n 

n.o 

0. 

-0  • 

n. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

n* 

062U08Z 

19.5 

56.4 

25 

19.8 

58.9 

♦s. 

92. 

20. 

O.n 

0,0 

0. 

-0. 

n. 

n.o 

0*0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0* 

062Q14Z 

19.8 

56.1 

2o 

20.0 

56*n 

3S. 

41. 

15. 

0.0 

n.o 

0. 

-0. 

n. 

n.o 

0.0 

0. 

-0. 

0. 

n.o 

0.0 

0. 

-0. 

0* 

062020Z 

20.1 

55.7 

14 

20.5 

55*6 

25. 

25. 

10. 

O.n 

n.o 

0. 

-0, 

0, 

0.0 

0.0 

0. 

-0. 

0. 

0.0 

0.0 

0. 

-0. 

0* 

Al  t  forecasts 

WHMO  J4-HR  AB-hR  7p— tR 

AV6  FORfCAST  posit  FRftnR  a8*  137,  363,  n, 

AV6  RIGmT  angle  ERoOR  94.  7B,  284.  0. 

AV6  intensity  MAGNITDOF  ERROR  6.  5.  30,  f'. 

AVG  intensity  bias  6.  5.  30.  0. 

NUMBER  nF  FORECASTS  1?  7  4  0 
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TC  22-79 


HFST 


hohh  fohelasI 
EKKDKS 


4a  HOi|f^  FoRFCaST 
FQ^n^S 


<0/i>A/Ho 

POSIT 

WfNO 

poStT 

OST 

WIN> 

PnSjT 

WIND 

05 1 

RIwD 

POSIT 

WIND 

nsT 

*'1N0 

POSIT 

■92002Z 

9,1 

»»7,Q 

20 

0.0 

0.0 

0. 

-0. 

0. 

O.n 

0,0 

0. 

•0. 

0. 

0.0 

0*0 

0. 

-0. 

0* 

0.0 

0.0 

92U0B2 

9^7 

S7.4 

20 

0.0 

0.0 

P. 

-n. 

0. 

0 .0 

0,0 

0. 

-U. 

o  • 

0.0 

0*0 

0. 

-0. 

0. 

0,0 

0.0 

92U14Z 

10,1 

2fl 

0.0 

0.0 

0. 

-0, 

0. 

0.0 

0,0 

0. 

-U. 

0. 

0,0 

0*0 

0* 

-0. 

0. 

0,0 

0.0 

92U20Z 

10.4 

A6.4 

20 

0,0 

0.0 

0. 

-0, 

0. 
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ANNEX  B 
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CIRCULAR 

40 

+  13 

♦  IS 

♦  5 

18 

♦  11 

♦  11 

19 

in 

10 

CIRCULAR 

30 

+  10 

♦  11 

♦  11 

19 

9 

6 

+  12 

♦  11 

♦  U 

?0 

ra:)A«  FTkES 


lA 

Time 

Fl  X 

EYE 

EYF 

lU, 

I7> 

'JOStTIOu  I 

raUaR 

ftCCBY 

SHAPE 

DIAM 

1 

162200 

1  1.3m 

l??,2E 

LAmD 

P-lOK 

circular 

19 

2 

162230 

13,4m 

l?l  .7E 

LAvO 

P6D« 

circular 

19 

3 

162305 

1  3.?m 

12) .9E 

LAVD 

Pf>OK 

circular 

1  9 

4 

162335 

J  3,3^t 

121 .9E 

LAmD 

PrtOR 

circular 

18 

5 

1 7O003 

1  3.3m 

121 .9E 

LAvO 

PoOK 

circular 

1  7 

b 

170030 

13. 3n 

121 ,86 

LAmO 

GnOU 

circular 

?? 

7 

170455 

1  3.  3m 

12P.3E 

LAnO 

GnOD 

circular 

13 

8 

170530 

13.9m 

1??.1E 

LAmO 

G30D 

circular 

13 

9 

170503 

1  3.9m 

12?. 2E 

LA^40 

GnOO 

circular 

14 

10 

170530 

13.SM 

12?. 2E 

LAMO 

6300 

circular 

14 

11 

170700 

n.7M 

1??.2E 

LAvO 

GOOD 

circular 

IS 

12 

170730 

13, 4M 

1??.4E 

LAvO 

G30D 

elli*>t:cal 

13 

I7O9O5 

13,9m 

1??.3E 

LAmO 

GOOD 

circular 

1  8 

14 

1 70930 

13, Tm 

1??.4E 

LAmO 

Fairt 

circular 

14 

Id 

171005 

1  1.8m 

1??.AE 

LAuD 

G30D 

circular 

12 

16 

171030 

1  3.9V 

12?. 5E 

LAmD 

GOOD 

circular 

1? 

17 

171100 

13.7m 

1??.6E 

i_AmO 

18 

171105 

1  3.9m 

1??.5E 

LAMO 

GoOD 

circular 

15 

19 

171130 

1  3.9M 

17P.4E 

LAmO 

F41H 

circular 

1^ 

20 

171200 

13.7m 

12?. 7E 

LAmO 

2» 

171205 

13,  DM 

1??.4E 

lano 

F&IH 

circular 

15 

22 

171230 

14,  Om 

12?. 4E 

LAmO 

F&IR 

circular 

15 

23 

iTl 305 

14,  IM 

1??.4E 

LAmO 

FftlH 

circular 

15 

24 

171330 

14,  ?M 

12?. 3E 

LAwO 

FftIR 

circular 

1  5 

25 

171405 

1  4 , 3w 

12?*4E 

LAmO 

POOR 

circular 

19 

2b 

171430 

14.3m 

1??.4E 

LAmO 

prtOR 

circular 

19 

27 

]  715110 

14.3m 

1 7?.3E 

LAmO 

Fair 

circular 

19 

28 

171535 

14,3k- 

122. 3E 

LAvO 

fair 

circular 

15 

29 

l7l600 

14.1m 

122.RE 

LAmO 

30 

171500 

14,0m 

1??.6E 

LAmO 

3} 

171505 

14, 3‘' 

12?. 3E 

LAmO 

POOR 

circular 

32 

171S35 

1  4, 4N 

12?. 3E 

LAmO 

PODR 

circular 

33 

171700 

14,2m 

12?. 9E 

LAmO 

34 

171705 

14. 4M 

12?. 3E 

lamo 

PnOR 

circular 

3d 

171735 

14,4*0 

l??.3E 

lamo 

POOR 

CIRCULAR- 

3b 

171900 

14.3*0 

123, IE 

LAk'O 

3/ 

I7I9OO 

14, ?W 

12?. HE 

lamo 

3b 

172000 

14, 3w 

123. 2E 

LAnO 

39 

172000 

14,3m 

1??.9E 

LAmO 

40 

172200 

14,9m 

123.4E 

LAmO 

41 

172200 

1  4. 4M 

123. OE 

LAmO 

42 

1 aOODO 

1  4.  Sm 

123.46 

LAmO 

43 

lAuOOD 

14.5m 

l??.9E 

LAmO 

44 

iRUlUO 

14,  Am 

123.0E 

LAmO 

45 

1RU200 

U.AM 

123.4E 

LAkiO 

46 

180200 

14.  AM 

123.3E 

lamo 

47 

180300 

14. AM 

123. ?E 

LAkiO 

48 

180300 

14.7m 

123. 5E 

LAmO 

49 

iRlOOO 

1  9, 9W 

123, AE 

LAmO 

50 

181200 

19, 8m 

123. 6E 

LAmD 

51 

181400 

19.8m 

123. HE 

LA**0 

RAOOt»_C0l>E 
APW4K  TDOFF 


10S33  7361 U 


1040/  ///// 


lOPl/  60104 
ins3J  63610 


1043/  50304 


1144/  50302 
11023  50412 
1173/  30404 
/////  40410 
10422  50306 
10333  60213 
10422  60306 
20433  63306 
20433  63618 
2141/  6000U 
20493  60313 
22444  50216 
2141/  5O6O2 
204//  ///// 
22914  73610 
25///  ///// 


COMMENTS 


EVE 

SPIRAI  RAND 
SPlRAt  RAND 
SPIRAI  RAND 
SPIRAt  RAND 
SPIRAI  RANO 

SPIRAI  RAND 

SPIRAI  RAND 

EyE  AX15  20/lS 


SPIRAI  OVERLAY 

SPIRAI  OVERLAY 
SPIRAI  OVERLAY 
SPIRAI  OVERLAY 
SPIRAI  OVERLAY 
SPIRAI  OVERLAY 
SPIRAI  OVERLAY 


EyE  100  PERCENT  CIRCULAR 

SDTRAI  OVEfttAY 

SPtRAl  OVERLAY 

EvE  7n  PERCENi  CtRC0L*R 

SPIRAI  OVERLAY 

SPIRAI  OVERLAY 

EVE  El  I  IPTICAL 

EVE  El  I  IPTICAL 

EvE  70  PCT  elliptical 

EVE  6n  PCT  circular  OPEN  SV 
EvE  2n-25NM  OlAM  lOO  PCT  ACCRY 
EVE  60  PCT  circular  OPEN  Sv 
EvE  BFrOMiNG  larger 

eve  50  PCT  eluiptical  open  su 

EvE  CTorULAR  OPEN 


EVE  60  PCT  circular  OPEN  E 
EvE  OPFn  elliptical 


HAO&R  5ITP 

posittoN)  who  no. 


15, 2N  120.6E-  98327 

15. 2N  120, 6E  98327 

15, 2N  120. 6E  96327 

15. 2M  120, 6E  98327 

1S.2N  120, 6E  98327 

15. 2N  120. 6E'  98327 

15.2N  120. 6E.  98327 

15.29  120, 6E  98327 
15, ?N  120, 6E  98327 

15.29  i20,6E  98327 

15.29  i20,6E  98327 

15.29  120. 6£!  98327 

1S.2N  120, 6E.  98327 

15.29  120, 6E'  98327 

15.29  120.6E'  98327 

15.29  12D.6E1  90327 

14.19  123, OE-  98440 

15.29  120. 6E'  98327 

15.29  120, 6E'  98327 

16.39  i20,6E  98321 

15.29  120. 6£  98327 

15.29  120. 6E  98327 
15.29  120, 6E  98327 
15.29  120, 6E  98327 

15.29  i2D,6Ei  98327 

15.29  120,6E'  98327 

15.29  120, 6E  98327 

15.29  120.6E  98327 

16.39  120. 6E  98321 

14.19  123. OE'  98440 

15.29  ^  20.5EJ-  98327 

15.29  120. 6E  90327 

16.39  120,6E:  98321 

15*29  i20,6E>  98327 

15.29  120.66'  98327 

16.39  120. 6£  98321 

14.19  123, OE  98440 

16.39  120. 6E  98321 

14.19  123, OE  90440 

16.39  120, 6E  98321 

14.19  123, OE  98440 

16.39  120.66  98321 

14.19  123. OE  98440 

14.19  123,06  98440 

16.39  120.66  98321 

14.19  123. OE  90440 

14.19  123, OE  98440 

16.39  120. 6E  98321 

16.39  120, 6£  98321 

14.19  123.06  98440 

16.39  i?0.6E  98321 
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tropical  storm  dot 


«.ATei  I  nx  FJXtS 


fix  Ttp*£  ptx 


NO. 

17) 

►’OSITU.P* 

flCcRY 

Dvorak  code 

S&TFI  \  1  rt 

1 

0s223d 

4,0m  147. 7E 

PCN  4 

TO. 0/0,0 

Dmsdtk 

*  £? 

0f,Ul6 

4,?M  l4P,.3E 

PCN  5 

3 

042217 

4,7kj  143, 6E 

PrN  4 

TO, 0/0.0  /S0.O/^4HR4 

4 

07213b 

S.4m  liQ.Oe 

PCN  5 

TO. 0/0,0  /SO.O/23MRC 

OMqpi7 

6 

OA1222 

4.0m  134. OE 

PCN  5 

0>*s^34 

b 

0R2323 

4,0m  134. IE 

PCN  5 

Tl. 0/1,0  /f)l,0/2SHR<; 

Omsjp-i*, 

7 

0R0147 

4.1m  134, OE 

PrN  4 

Om^P'^S 

d 

090958 

4,7m  133. 4E 

PCN  b 

DmSP37 

9 

091204 

7,7m  134. 2E 

PCN  4 

DMSP34 

10 

091428 

7,4m  133. 7E 

PCN  4 

U 

092058 

7,3m  133.be 

PCN  6 

Qusp-^r 

12 

092305 

7,9m  ni.7E 

PrN  4 

13 

I0OI29 

7,4m  I3i ,66 

PCN  4 

ft  14 

I0O3IO 

9.1m  130, OE 

PrN  4 

Tl.5/1.5 

0mSP3S 

is 

ln0936 

R.4n  179.be 

PCN  b 

OmSP'4  7 

lb 

lr>1146 

R.RM  1?9.1E 

PCN  b 

DMS934 

17 

101410 

4.9m  124. 7E 

PrN  4 

OmSP34 

lb 

101411 

8.9m  127. 6E 

PrN  b 

Dm9P3S 

19 

102219 

4.9m  IPb.lE 

PCN  4 

Om<;pt  7 

20 

102219 

4.4m  12f..BE 

PrN  4 

T 2 .  S /2 , 5-/0 1 , 0/1 9HRc; 

0MSP37 

21 

li0029 

9.1m  124. 7E 

PCN  5 

22 

110252 

9.4W  124. BE 

PCN  J 

QmSPTS 

23 

110252 

9,SM  124. 5E 

PCN  3 

0MSP3S 

24 

111059 

9.9n  123, 6E 

PCN  6 

DMSP37 

25 

11 1100 

10. OM  127. OE 

PCN  b 

0MSP37 

2b 

111310 

9,4m  127. 9E 

PCN  b 

0M9P34 

27 

111533 

lO.lw  127. BE 

PCN  5 

[)vlSP3S 

*  2B 

111534 

9.7m  127. IE 

PCN  5 

OmSPIS 

29 

112159 

10.2m  127. OE 

PrN  4 

Dm<;p3T 

*  30 

112159 

10. 6M  127. 4E 

PCN  5 

t1.5/P.5*/^-1,0/2*HRa 

DM9P17 

31 

170011 

10.7m  121. 4E 

PCN  5 

Tl.5/1.5 

pMSP34 

•  32 

170234 

10.4m  121. 2E 

PCN  5 

DmQP^^A 

*  33 

171039 

10, 4v  119. 2E 

PCN  b 

aMSP37 

34 

l7l040 

10. 5w  12(V.4E 

PCN  b 

DMKP37 

35 

171252 

10. 7m  120. IE 

PCN  b 

Dm9PT4 

36 

171515 

n.7M  119. 6E 

PCN  5 

0mSP3S 

37 

171515 

n.9M  119. 4E 

PCN  b 

pMSPTS 

3b 

172139 

12.1m  119. 4E 

PCN  5 

39 

172139 

12.1m  119. 7E 

PCN  5 

DMSP37 

40 

172353 

12.0M  llQ.BE 

PCN  5 

T3.0/3.0* 

41 

172353 

17, IM  110,6E 

PCN  5 

t2. 0/2.0  /OD.5/24HR4 

0M9P34 

42 

130215 

12.7m  llq.9E 

PCN  3 

Dm<;p3S 

43 

130215 

12.3m  119, be 

PCN  J 

DmsP3S 

44 

I3IO2O 

13.1M  llQ.SE 

PCN  4 

OMQp-^r 

45 

I3I020 

13, Iw  110.5E 

PCN  4 

PMSP37 

46 

131235 

13.1m  119. hE 

PCN  1 

Dm9PT4 

47 

131457 

13.5m  110.5E 

PCN  J 

0MSP3S 

48 

131457 

12.9m  11Q.3E 

PCN  3 

DMqp-)S 

49 

132300 

13. 7m  iPn.ie 

PCN  5 

0MSP37 

5o 

132301 

13.4m  12n.lE 

PCN  3 

T2.5/3.0-/W0.5/24HR': 

0«SP37 

51 

U0U7 

14,7m  i2n,lE 

PCN  3 

CJmsPTA 

52 

U0117 

14,0m  12n.3E 

PrN  4 

Tl.5/1.5* 

0mSP34 

53 

140339 

1  1.9m  ]?n.lE 

PCN  b 

OMSP3S 

54 

U0  339 

13. 4n  120, 3E 

PCN  4 

□m<;p3S 

55 

l4l 000 

14.1m  12n,6E 

PCN  4 

0m<;Pt7 

56 

141000 

14,0m  IPo.ftE 

PrN  6 

Dmspt7 

57 

141217 

U.OM  171. IE 

PCN  b 

(}M9PTb 

5tt 

141217 

14. ?M  l?i .OE 

PCN  b 

OMqp^fV 

59 

141439 

14.3m  121.4E 

PCN  b 

Omapts 

60 

141439 

n.4M  121, OE 

PCN  b 

0hSP3‘^ 

61 

U2240 

IS, 7m  127. 5E 

PrN  b 

T0.0/l,0-/W1.5/23Hfl«: 

0^^037 

62 

U2241 

14.1m  127. 3E 

PrN  b 

Tl.n/?,0  /M1.5/24HR4 

0M9P17 

63 

1SO059 

IS. 3m  1??.6E 

PrN  4 

64 

140320 

IS. 7m  127. 7E 

PrN  b 

0MSP34 

bb 

140320 

IS. 4m  123. 2E 

PCN  b 

Tl .0/1 .5*/W0.5/24HRR 

DMSP3S 

6b 

141121 

14.2m  123, 9E 

PcN  3 

Di4APT7 

6  T 

141159 

14.2m  123. 9E 

PrN  b 

f}M<;P34 

♦  6b 

141159 

1S.4W  123. HE 

PCN  b 

Dmqp^a 

69 

141420 

14. 4w  ]?4.4E 

PCN  b 

Omapts 

♦  70 

142220 

14,4m  17a,1E 

PrN  b 

Tl. 0/1.0 

OMSP37 

71 

U0041 

14.9m  124.4E 

PrN  4 

Tl. 0/1.0  /S0.n/24HR4 

0MSPT4 

cj^nrNFS 
INI  I  Ot»s 


NOT  AVrtj,  eorf  of  DAU 
NOT  Av*»li  EDGF  OF  OAIa 
NUr  AyAjr  £ORP  OF  OATa 

INI  I  30S 


N/A  O^^LR  LANO 

N/A  Ov^R  LANO 
N/A  OVtR  LANO 


N/A  Ojt  TO  TFPHTNATOH 


N/A  Ujt  TO  TFOMINATOH 


Cl  UP  l*AMOINR  FVE 

Cl  OP  ^AfiGEO  FVF 
EYt'  HAiGFQ 


INIl  Uds 


PSdL  StCONOARV  1A*0N  ll9*7E 
StCONiARv  at  1A.5N  l^l,nE 


INIl  Jds 


SITE 


pgTk 

PGTi/ 

PGTi^ 

pgTh 

pgTk 

PGTw 

pgtw 

pgtr 

PgTk 

PGTR 

PGTif 

PGTR 

PGTd 

RPMK 

PGTW 

PGTr 

PGTR 

RODN 

PGTi# 

RPMK 

PGTi# 

PGTK 

RPMK 

RPMK 

ROOM 

RPMK 

RPMK 

room 

pgtm 

RPMK 

PGTW 

PGTW 

PGTW 

RODN 

PGTw 

PGTw 

RODN 

PGTii 

RPMK 

RODN 

PGTW 

RODN 

PGTW 

PGTW 

RPMK 

PGTW 

PGTW 

RPMK 

RPMK 

ROON 

ROON 

RPMK 

ROON 

RPMK 

PGlW 

RPMK 

RODN 

PGTW 

pgTw 

RPMK 

RPMK 

ROON 

roOn 

ROON 

RPMK 

RPMK 

PGTW 

RODN 

PGTW 

PGTw 

RODN 
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FIXES 


u 

1th- 

rix 

rUT 

700'*^ 

ORS 

MAX' 

•siFC- 

IK'JO 

MAX- 

•FL1‘ 

-LVL- 

•#NO 

ArrPY 

EyE 

CYE  OPIEN- 

ETC  TEMP  <r> 

KJ. 

«7) 

‘^nsT  1 

I 

1.VL 

HOT 

mslp 

V?L>'3H6/'3'J6 

nTW/VEL/t3Kb/'*Nri 

NAV/MFT 

SH42t 

[)TA.»/TATIOn 

out/ 

19/  D?/S<5T 

1?«1313 

1  o♦^^; 

l^n.SE 

TnOMh 

•^o9r 

1002 

2S 

160 

55 

?T  f> 

14 

160 

70 

? 

40 

*■  9 

♦  10  *10 

4 

1  :>*?v 

1  1  »«.**?. 

301} 

30 

leu 

50 

•?  TO 

30 

150 

50 

1 

? 

*10 

*12  *10 

5 

3 

n^ll  7 

1 

l?o,0E 

7nOH« 

?97^ 

9Bf> 

n?(T 

35 

IbO 

1«^ 

9 

? 

elliptical 

30  ?0  360 

♦  15 

*15  *10 

6 

■♦ 

IteUlOO 

1?.7V 

7ftOMH 

IS 

340 

30 

T  1(1 

32 

350 

1*^ 

f 

? 

6 

1  *  u  i  1 4 

1 

7nOHn 

3u3s 

15 

TOO 

30 

3  mi 

39 

2  TO 

V7 

1 

? 

elliptical 

30  360 

♦  9 

♦13  *12 

6 

b 

le;i:l2o 

1  7,?V 

1 

1  S/TOF  1 

?5 

310 

1  20 

^1  n 

32 

3l0 

90 

10 

5 

*24  *24 

H 

1 

l^S.SF 

7oOwM 

3127 

1  004 

25 

)4<> 

VO 

t  m) 

20 

290 

30 

10 

H 

*n 

♦  11  ♦  9 

6 

Oft-jAU  FTttS 


TTMi 

"TV 

EYF 

EYP 

aArifiM-cOL>£ 

WAOaR 

SITF 

^iU. 

(7) 

kaoaR 

«CnHY 

SHAPE 

OIam 

ASWAN  TDUFF 

comhents 

POSIT 

TO^’ 

WHO  HO. 

1 

1^/233 

1  T  .  7 .» 

IPO.IE 

IAmO 

PoOfi 

CIRCULAR 

Rn 

P<;HL  CFmTEH 

15. 2N 

T20.6E 

q8127 

2 

132303 

1  3, 9M 

120. 1£ 

LAmD 

POUH 

CIRCULAR 

20 

15,2N 

120. 6E 

98  327 

J 

112330 

1  1 .  Hm 

1?0*1E 

LAmO 

PtOK 

CIRCULAR 

20 

15.2N 

120, 6£' 

98327 

4 

14U0J3 

13.9m 

li'n.2E 

LAmD 

FaIH 

circular 

20 

IS,2M 

1 2D,6E 

98327 

5 

1  40 1 0  3 

1  3.9iy 

12ii*2e 

la  40 

FaIH 

CIRCttLA3 

2S 

Cmtr  stmwy  since  last  report 

15.2m 

T2D.6E' 

98327 

b 

1&0135 

1  3«9^i 

12". 3£ 

LA^JD 

F6lH 

CIRCULAR 

25 

15.2M 

?20*6E 

98327 

7 

140206 

11*99 

l?n.?E 

LAmO 

FalH 

ctrchlar 

2S 

15,2N 

T20.6E 

98327 

3 

140236 

13«9M 

l?o.3E 

LAmD 

fair 

CIRCULAR 

2S 

15, 2N 

120. 6e 

98127 

9 

U0306 

1  3.9M 

120. 3E 

LA9D 

FaIK 

circular 

25 

15. 2N 

T20«6E‘ 

98327 

iu 

140410 

1  3,99 

120. ftE 

lamo 

GoDO 

circular 

25 

15. 2N 

T20.6e 

98327 

11 

U0432 

14.09 

120.7E 

laho 

GollO 

CIRCnUAR 

25 

15. 2N 

120.6E> 

98327 

12 

U2346 

14,5m 

121 .HE 

LA90 

PoUk 

circular 

EvE  OTAM  uHK 

15. 2N 

120. 6E 

98  327 

SYMDRTir  FIXES 

Fix 

TlHi 

s-TX 

intensity 

'J- arest 

HO. 
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1 
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20*09  129. OE 

2R 
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2 
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25 

60 

3 

171200 

27*09  140. 5E 

25 

60 
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1 
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2 

2?0035 

21.4V  llR.OE 
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rphk 

4 
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RODN 

if 
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b 
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7 
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10 
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12 
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0mSP37 

PGTr 

14 

232121 

24.4m  133»5E 

PCN  b 

TS. 

0/2.0 

0NSP37 

INI I  3RS/UPR 

1.  VL 

rpmk 

15 

240000 

24.3m  13?. 7E 

PCN  b 

DMSP36 

PGTr 

lb 

240216 

25.4m  133. IE 

PCN  3 

DMRP35 

PGTr 

17 

240216 

25.1m  133.be 

PCN  3 

Tl. 

n/1 .0 

OMS935 

INII  DRS 

RKSO 

IB 

241000 

27.7m  134*0£ 

PCN  b 

0MSP37 

PGTr 

19 

241002 

25. Om  135.7E 

PCN  b 

0m5P3T 

rodn 

20 

241002 

27.1m  136. OE 

PCN  b 

Omcot? 

RKSO 

OA^AR  FtXES 

FIX 

TtHE 

ftx 

EVE  ETf 

RAonii. 

'COWE 

naoar 

SITF 

NO* 

i7i 

pOStTTOm 

R4D49  4CrPT 

SHAPE  OlAM 

A5W4R 

TDtlFF 

comments 

POSITioNi 

wmO  no, 

1 

230200 

22.2m  las.ie 

UAnO 

21522 

SOS  11 

24. BN  i25',3E' 

47927 

2 

2->0200 

22, ?M  125.  IE 
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11 
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24 
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26 
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26 
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27 
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2B 
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29 
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14. 7w 

129. IE 

PCN  5 

0M8P37 
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30 

0^0013 
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31 
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32 
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14.1M 

128.3E 
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33 
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PGTW 

34 
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RPMK 

35 
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14. 4W 
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36 

021029 

18,0m 
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PGTW 

37 
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15,1m 

126. 6E 
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38 
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40 
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128. OE 
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41 
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128. OE 
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14.2m 
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0MSP39 
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44 

oSi009 

17.4m 

123. 4E 
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0MSP37 

PGTW 

45 

011237 

17. RM 

122. HE 
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0M8P-14 
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46 

011432 

18.1m 

122. 6E 
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0M8M1S 
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47 

011432 
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123. IE 
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48 
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18. 4w 

U0.5E 
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t4,8/3.5  /WI,0/21HR8 

OMSP-^? 

ROON 

49 
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1«*7M 

121. 5E 

PCN  5 

T3,0/4.0*/w2.0/2lHft8 

0M8PR7 

RPMK 

BO 

040300 

lft,9ki 

120. 6E 

PCN  5 

QM8P1P 

RPMK 

51 

040314 

19, SM 

120. 4E 

PCN  3 

OM<;pn{S 

EXPUSEU  1  LCC 
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52 

041131 

IQ.8M 

11Q.4E 

PCN  4 

Dm8P-)7 

ROON 

53 

041555 

20 . 1 M 

1  Ift.OE 

PCN  3 

Diii«;p'^8 

RPMK 

54 
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20,2m 
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PCN  3 

[)M8P'^S 

EXPU5E0  1  LCC 

NF  OF 
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RODN 

55 

042230 

20.1m 

UA.3E 

PCN  5 

T3.5/3.5  /D0.5/24HR8 

[)M8P-^7 

RPHK 

56 

OSOIOI 
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114. OE 

PCN  3 

DM8P-^»* 

RPHK 

57 
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20.1m 

118, 8E 

PCN  3 

DMSP35 
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58 
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20 . 2m 

115. 9E 
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?n?31  54714 

14. IN 

123. OE 

98440 

lb 

OS1400 

]  t*  m  5'J 

123.be 

LAmO 

?o?i 1  53212 

14. IN 

i23.0E 

96440 

19 

osl 5«o 

14.7m 

124. 7E 

lAmo 

im32  53414 

14, IN 

123. OE 

98440 

20 

0c;1500 

IS.lM 

1 23,3E 

lAmO 

10412  53414 

14. IN 

123. OE 

96440 

?1 

0S1540 

14*9m 

123. 6E 

LAmO 

POOR 

15. 2n 

120. 6E 

96327 

22 

n«il9gu 

IS.OM 

123. 6E 

LAmo 

POOtt 

I5,2N 

120.6E 

98327 

23 

n«^i945 

IS.OM 

123. 5E 

lAmO 

POOR 

1S.2N 

1^0•6E^ 

98327 

2^ 

0^2005 

IS.lM 

123. 2£ 

LAmO 

POOR 

15.2N 

120.6& 

98327 

25 

052035 

15.1m 

123. IE 

LAmO 

POOR 

15.2N 

120.6ei 

90327 

2b 

os2no 

15.2m 

123. IE 

LAmO 

POUR 

15.2N 

120. 6e 

98327 

27 

0S2U5 

15,2m 

1 23. OE 

LAmO 

POOR 

15,2N 

120«6& 

983P7 

2b 

0c22l5 

15.3m 

17?. 9E 

LAmO 

POOR 

15.2N 

120. 6E 

96327 

29 

0*^2235 

16,3m 

12?. 9E 

LAmO 

POOR 

15. 2N 

t20«6E 

96327 

*  30 

OS2300 

IS, 2m 

123. 4E 

lAmO 

1  ////*  ///// 

16.3N 

120.6E! 

96321 

♦  31 

0S2300 

1S,4M 

12?. HE 

LAmO 

10543  53504 

14.tN 

123.0E 

9BA40 

32 

OS2300 

\6.4M 

12?.7E 

LAmO 

POOR 

15. 2N 

120.6E 

90327 

33 

0600UO 

1S.6m 

123. ue 

LAnO 

lOP?/  s//// 

16. 3M 

120*6E> 

90321 

3^ 

060100 

IS.lM 

12?. 6E 

LArjO 

10543  53204 

14. In 

123. 0& 

96440 

35 

06(1100 

1S.7m 

12?. 9e 

LAmO 

?o?//  s//// 

16.3m 

120. 6E 

90321 

3b 

060200 

IS. 4m 

i2?.5e 

LAhO 

10543  S352U 

14, IN 

123. 0£ 

904*0 

37 

060200 

15.4m 

129.9E 

LAmO 

10P1/  5//// 

16,3u 

120. 6E 

90  3^1 

3b 

060300 

15,9m 

12?. *E 

LAmO 

10543  S341U 

14. IN 

123. OE 

96**0 

39 

060300 

16.0M 

12?. 9E 

LAmO 

10?1/  S//// 

16, 3N 

120,6E! 

90321 

40 

060400 

16,?M 

l??.3E 

la  MO 

10543  534 11 

16.3N 

120.6E- 

96321 

41 

060400 

l6,  2m 

1 2?.3E 

LAmO 

10543  53411 

14. IM 

123.0E 

90**0 

42 

060430 

16, 3«t 

1??*«E 

LAfJO 

1051/  43606 

16. 3N 

120.6E. 

90321 

43 

060500 

1S.3m 

12?. 2E 

LAmO 

10543  53409 

14. IN 

123.0E> 

90**0 

44 

060600 

16.5m 

12?. be 

LAnO 

1074/  4340b 

16. 3N 

120.6E. 

90321 

45 

060600 

16.4M 

12?. *E 

LAnO 

10543  53513 

14. |N 

123.0E 

904*0 

4b 

060700 

16.5m 

12?. 5E 

lAmo 

lORl/  5321U 

16. 3n 

i20.6E 

90321 

47 

060930 

16.SM 

12?. 3E 

LAmO 

21P53  527// 

16.3N 

120.6E) 

90321 

46 

061200 

16.7m 

12?. IE 

LAmO 

isnno  52705 

16.3N 

12D.6EI 

90321 

49 

061500 

17.3m 

12?. IE 

lAmo 

45///  72S// 

16.3N 

120.6C 

9032] 

50 

061600 

1  7  •  4  M 

1??.0E 

LAnD 

45///  72**// 

16.3N 

120.6€' 

51 

061600 

17.4m 

121 .9E 

LAnO 

45///  ///// 

16.3N 

l20.6Et 

90321 

52 

061900 

16. 7m 

12?. 4e 

lAmo 

10?!/  53406 

16. 3N 

120. 6E» 

90321 

53 

070100 

17.9m 

121. IE 

LAmO 

201RI  52713 

16,3n 

120.6EI 

90321 

54 

070200 

14.0m 

120. 7E 

LArJO 

?fll5l  52915 

16. 3N 

i20.6£> 

90321 

55 

070300 

14.  1M 

120. 6E 

LAmO 

20141  52913 

16.3N 

120.6£< 

90321 

56 

07(J300 

1«.1M 

120. HE 

LAmO 

45///  ///// 

16. 3N 

120  .65^ 

90321 

57 

070500 

14. ?M 

120. 4E 

LAnO 

*5///  ///// 

16. 3N 

120.6E< 

90321 

5b 

070600 

1«.3m 

120. IE 

lamo 

51///  ///// 

I6.3N 

120.6EI 

90321 

59 

070700 

14.4M 

120-2E 

LAmO 

15242  242// 

16. 3N 

120.6E1 

90321 

60 

OtOSOO 

14.3m 

119. 9e 

LAnO 

40///  728// 

16, 3N 

120.bE' 

90321 

SYfciOsTTr  FIXES 


FIX 

time 

cry 

rNTENSTTV 

MfXREST 

NO. 

i7l 

pOSTTIDm 

ESTIMATE 

DATA  fNM) 

COHMENIS 

1 

2PUOOO 

6.0m 

15A.bE 

05 

60 

2 

291200 

6.0m 

156. 5E 

06 

120 

3 

3OU000 

5.0m 

155. OE 

10 

225 

4 

301200 

6.  Dm 

157. OE 

05 

320 

5 

31 0000 

6.  Om 

151. OE 

10 

90 

6 

311200 

6.0m 

149. OE 

15 

75 

7 

071200 

1  7.0m 

UA.OE 

30 

30 

b 

oroouo 

15.SM 

117. 5E 

20 

90 

9 

091200 

15. Om 

117. Of 

15 

120 
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TROPICAL  STORM  WAYNE 
•JATEi  \  rTF  F.IXtS 


FIX 

TIME 

FTX 

NO« 

(7) 

POSTTIOM 

ACrPY 

1 

070012 

12.7'g 

14rt.7E 

PrN 

5 

2 

070935 

13,0m 

137. 5E 

PrN 

b 

3 

071254 

14, 5n 

139.8E 

PcN 

5 

4 

072034 

14.7K- 

135, HE 

PrM 

b 

b 

0m)032 

1S.4N 

135. 6E 

PrN 

b 

6 

0A09U 

1  4 , 7m 

137. 5E 

PCN 

b 

7 

0A0914 

14. ?w 

13P,?>E 

PCN 

b 

8 

Oql234 

14,4m 

131  ,HE 

PCN 

b 

9 

0^1234 

14, 6n 

131. 5E 

Pcs 

b 

ID 

0ql3l4 

14,4m 

131 .7E 

PCN 

5 

11 

0q2155 

14, On 

130, IE 

PCY 

b 

12 

040014 

14, OM 

129. 7E 

PCN 

J 

13 

Oqollb 

15, 7w 

120, 6E 

PCN 

J 

14 

090115 

15,7m 

1?9,7E 

PCN 

b 

15 

091035 

1  4,  Om 

129, 7E 

PCN 

b 

16 

091256 

14, 4 M 

129. BE 

PCN 

b 

17 

091256 

14.2m 

129, 9E 

PCN 

b 

10 

091356 

14,  4M 

129. 3E 

PCN 

o 

19 

092X34 

17. OM 

12Q.2E 

PCN 

b 

20 

092355 

17.7m 

129. 3E 

PCN 

b 

21 

100056 

17, 4M 

129. ?E 

PCN 

b 

22 

1O0056 

17,5m 

129. 3E 

PCN 

b 

23 

lolDlb 

iq,7M 

129. 3E 

PCN 

b 

24 

101236 

16,4m 

1?7,5E 

PCN 

5 

•  25 

lol337 

17, 5M 

127,6E 

PfN 

b 

«  26 

101337 

17.5m 

127, 4E 

PCM 

b 

27 

102113 

IK,4m 

12n.6E 

PCM 

4 

28 

102337 

in. 4m 

l?n.5E 

PCM 

3 

29 

110216 

in,7N 

12R.4E 

PCN 

3 

30 

110216 

1H.4n 

12«.4E 

PCN 

3 

31 

110954 

)q,qM 

12n.2E 

PCN 

b 

32 

111219 

in.qM 

12n.2E 

PCN 

2 

33 

lllilH 

iq.7M 

l?n.lE 

PCN 

3 

34 

111318 

in. 3m 

124. 5E 

PCM 

3 

35 

112234 

1A.4m 

127, 2E 

PCN 

3 

36 

170100 

1  q.3M 

127. 2E 

PCN 

3 

37 

1?2214 

17, Iw 

124. ?€ 

PCM 

3 

36 

1-J0D43 

14.9m 

124, 6£ 

PCM 

3 

39 

130043 

17, ON 

124, 6E 

PCN 

3 

40 

130140 

14,9m 

124. 5E 

PCM 

3 

4I 

130140 

14, Bm 

124. 4E 

PCN 

3 

42 

131054 

15.9m 

J23.0E 

PCN 

4 

43 

131324 

15,6m 

127, 4E 

PrM 

5 

44 

131325 

15.4N 

127.3E 

PCN 

3 

0V09ftK  CODE  S4TKI  1  TTt 

CDMhfNTS 

site 

TU.Q/o.O 

INII  33S/7N0  rwTR  AT  II3M  l4l9- 

pgtm 

OmsPIT 

PS>M  ON  Ut  FLOW 

PGTx 

QmBPIM 

PbM  HlWCTD  ESTWRD 

PGTw 

OMqp-^7 

pgTx 

t1.5/1,5  /r)l,5/24HRA 

0MSP35 

pgTw 

PGTif 

OrtBPlT 

ROOM 

OmSPIM 

PGTK 

t>Mqpq9 

ROOM 

0MSP14 

pgTx 

DmsPBT 

ULC  16bN  1294F 

PGTrf 

T2.5/2.5-/D1.0/24HHC 

pMqpqb 

pgtk 

qmsptm 

PGTif 

t2,0/7.0 

Duqpqp 

INII  a^s 

RPMK 

Dm^P77 

PGTi« 

pMqpT4 

pgtk 

pMqp74 

RPMK 

OMSpqp 

rpmk 

T2*rt/?.5  /wn,5/2iHRq 

QMSpq? 

pgtm 

QMSP'^^ 

PGTX 

0MSpq9 

EDGE  JF  oATA 

ROOM 

OMSPqp 

PGTw 

0MSP37 

pgtx 

0MSP14 

PGTi* 

OuqpTQ 

PGTi# 

0MSpq4 

PGTl# 

OMqpT? 

EXPbD  ULrC 

PGTif 

OMBPlb 

PGTif 

Ti,n/i.o 

OMSP 

INII  J9S 

PGTW 

T1,0/1,5  /Wl,0/27HHq 

DMqpi9 

PGTw 

pMqpq? 

PGTW 

PMSPq4 

pgtw 

pgtw 

QMSPqp 

rkso 

Tl, 0/1,0  /SO*0/2oHRq 

OMRpq? 

RODN 

DMqpq4 

pgtw 

OMSPBT 

PGTW 

t3. 0/3,0 

0MqP14 

INIT  JiS 

rpmk 

QMSP34 

pgtw 

0MSP39 

RPMK 

Tl >0/1,0 

OMSPqP 

INir  395 

PGTW 

0MSP37 

PGTW 

O.*qoq4 

PGTW 

QMSP34 

ROOM 

fixes 


FIX 

TiHE 

FTX 

FLT 

700M9 

08S 

H4X-SFC. 

WMD 

NO. 

17) 

POSTTIOm 

l,VL 

MGT 

mslp 

VEL/nRG/HMG 

1 

0n2D27 

15, Am 

l3n,lE 

TOOMH 

3047 

2 

062153 

IS.Bm 

130, U 

7rt0Mtt 

3U4i 

993 

40 

330 

15 

3 

090826 

15, Am 

120, BE 

7nOMh 

3024 

990 

65 

270 

10 

4 

091947 

17,3m 

120, 2E 

7oOmH 

3OO4 

5 

092140 

17.4m 

120, 2E 

7oohb 

3OIO 

50 

n60 

pO 

6 

101906 

in.3M 

l?a.4E 

7nOMH 

3O35 

7 

l«2213 

in.bM 

12R.4E 

7oOMh 

3071 

35 

140 

75 

8 

110540 

in.SM 

l2n.4E 

7oOMM 

3065 

3b 

210 

30 

9 

110925 

IM,  6M 

125. 5E 

7oOMb 

3079 

995 

20 

160 

30 

10 

170615 

in.  iM 

124. 8E 

iSoOFt 

1003 

40 

220 

30 

il 

170656 

in,  7m 

124. bE 

7nOM« 

3129 

1001 

MBX-FLT-LVU-«»Nn  ArrPY  Ey£  F’ft  OftlEN-  8Yr  lEM®  (ri  MSN 

OT»/VEI./B«G^»*Nft  NAV/nET  SHaPE  Otam/TATIOV  Ol»t/  i  M/  OP/SsT  MO« 


110 

32 

060 

15 

lo 

3 

1  no 

37 

360 

15 

5 

3 

1  40 

51 

07U 

17 

4 

S 

170 

35 

090 

30 

S 

5 

140 

38 

ObO 

30 

S 

S 

710 

27 

230 

in 

4 

2 

7jn 

30 

140 

90 

4 

5 

n40 

30 

320 

90 

5 

10 

150 

17 

010 

30 

S 

5 

040 

48 

010 

iso 

4 

5 

*  to 


♦  13 

«12 

b 

♦  12 

♦  M 

♦11 

b 

♦  13 

♦  16 

♦  11 

6 

♦  1  0 

♦  14 

♦  11 

7 

♦  IH 

♦  14 

*11 

7 

♦  19 

♦  10 

9 

♦  16 

♦  19 

♦  8 

9 

♦  15 

♦11 

10 

♦  12 

♦  16 

♦  10 

10 

♦  23 

♦  25 

♦  24 

n 

11 


SYMtt^TTr  FIXES 


FIX  TtME  P|X 

NO*  17)  '^OSTTTOft 


intensity  mcarest 
ESTIMATE  ■IaTA  (NM> 


comments 


1  07UOOO  l4t«SE 


IRQ 
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TROPICAL  DEPRESSION  26 
*iArEilTT*-  FfIXtS 


TtH*  CIX 

(7)  POSITION 


tCc.Ry 


OVn^AK  CODE 


CO'^MFNTS 


SITE 


1 

2q22S5 

13. ?N  154. bF 

PrM  3 

2 

3a11J7 

16.1m  154. 5E 

PCN  5 

3 

3a<;23b 

IB. 7m  ISP.SE 

PCN  3 

t2, 0/2.0 

4 

0}O05G 

1K.7M  157.0E 

PrN  J 

5 

Oi  V307 

20.3m  157. ?£ 

PCN  6 

& 

011119 

?n.4M  Ibi.lE 

Prv  6 

7 

01115b 

20«bM  Ibl.OE 

PCN  5 

b 

0120AB 

22.bM  lbo.6E 

PCM  S 

Y 

012219 

27, Sm  ISl.OE 

PrN  b 

tUo/?,0-/w1 

lu 

012219 

23,9m  140, he 

PCN  b 

u 

OP0037 

24,3m  140. 7E 

PCN  3 

FIX 

Time 

FIX 

FLT 

700^3  DBS  1 

NO. 

(7» 

posrim^j 

LVL 

hgt  mslp  ' 

1 

011913 

21.0m  140. he 

7oOmH 

3091 

2 

012149 

23. Bm  140. he 

7oOMH 

310?  1001 

Fix 

Time 

ftx 

intensity  MF4HFST 

NO. 

<7) 

oOSTTIOw 

estimate 

data  INH) 

1 

071200 

2R,2m  15?, if 

lb 

120 

Ohspi^ 

DMSPTfk 

DtaSP'^f^ 

Omsp-^? 

Omspi*. 

0MSPT9 

OmsphT 

OMSPS^ 

OmsP'^6 

OMSP'^P 


LU  tXP 
ULCC 

INK  Ods 


RELOCA^EO 

LLCC 


aT^Cpaft  fixES 


ArrwT  EyE  fYF  ORIEN-  fevc  TFMP  !/*»  uci 

HbT  MSLP  ((EL/hRG/BmG  ni«/»EL/8HG/BNr,  mav/»ET  SHjPE  BtaVTATion  OUf/  li/  ^0 


PGTd 

PGTd 

PGtd 

PGTd 

PGTd 

PGTd 

PGTK 

PGTK 

PGid 

PGTd 

PGTd 


E^E  ORIEN- 


P70  ^7  2U0  4n 


♦IS 

♦  11  ♦n  +  t 


SYwOaTTC  FIXES 


COMHENTS 


181 


TYPHOON  ABBY 


c<^T£1  »  TTK  FIXtS 


Ttm^  Pfx 


MO. 

(7) 

.->0617  Ki.v 

ACrPY 

llV.OdaK  CODE  Si 

1 

3f>2?3d 

S'* 

Pr*j  6 

T 1 . 6  / 1  ,  d 

2 

(PI  Od0  7 

4 , 0.^' 

}**!  ,2E 

HrN  b 

J 

nu  1 19 

••S.7.P 

1'  1.9F 

Hex  d 

4 

01 1 Ibb 

-i.b-j 

1 hd,2c 

prM  s 

3 

012219 

6,7*1 

]*>«.?£ 

Frv  d 

TJ. 0/3.0  /t1i.5/24HHC 

t> 

07074& 

'>.1" 

l'*'»,2E 

Pcs  O 

7 

(Idl  1  U] 

6, 9>' 

|S<>,4f 

PrS  b 

d 

0?! 1 3b 

l-'O.St 

Prs  O 

■i 

0?2201 

‘'.9m 

1  So , 0  £ 

Prv  d 

10 

OXUOlb 

6,0*. 

1S0.2E 

Prs  S 

7  3.3/3.5  /ni).5/26HR6 

IL 

O11042 

K.  7m 

1  6«>.6E 

PCM  »* 

i2 

0llU7 

6,7m 

1  S').4E 

Prs  w 

13 

011619 

S,9M 

163, WE 

PCN  » 

l4 

012324 

3,0m 

16.1 ,4E 

PCN  3 

io 

0l23bd 

1 .  Om 

i-m-se 

PrN  3 

74,0/4.0  /I>0.5/24HRf 

lb 

(>41024 

M.lM 

ISft.lf 

Prs  b 

17 

04106b 

•3,?*l 

166,t'E 

Prv  b 

id 

n423ub 

H,  4M 

163.9E 

PC'!  S 

74,0/4,0  /S0.0/24HR« 

19 

042339 

'1 , 6*P 

1S3.VE 

PfM  d 

20 

0‘;1147 

7,7*1 

IS?, HE 

Pcs  d. 

21 

0S1220 

7,6*1 

1  ‘>?,SE 

PCV  b 

22 

0S1739 

7,  7*1 

16o.7fc* 

PCM  b 

23 

0s224d 

S.  dPg 

1S1 .IF 

PrN  d 

24 

062319 

161 .9F 

PCN  b 

74, 0/4. .0  /S0.0/24HH6 

2d 

0^1129 

lSrt.4E 

PrN  s 

26 

061201 

<.6m 

1 6n.bE 

PCN  6 

27 

06l72d 

10, 9m 

14O.0E 

PrN  b 

2d 

070011 

1  0,OM 

14S.7E 

PCN  b 

73.3/4.0  /W0.5/2SHR6 

29 

070042 

](i,Om 

14c.,bF 

PrN  b 

30 

071111 

1  4 . 3*-1 

l4f.,3E 

PrN  b 

34 

071141 

10*  3m 

146.2E 

PCN  b 

32 

072362 

11.4m 

144, 6E 

PrN  d 

72.3/3,6  /Wl,0/2*HRc: 

33 

0a0022 

1  I  ,6m 

1 43*7E 

PCN  b 

72.3/9*5 

34 

0«0022 

11  .6v 

1 44. 3E 

PrN  b 

36 

nol?34 

19.3m 

141 .ME 

PCN  b 

3b 

0*11303 

12.  IM 

1 30. bF 

PCN  b 

37 

0  0 1  3U  3 

1  •’.9m 

141 .HF 

PCN  d 

3d 

062334 

1  1  .s*. 

1 30, 4E 

PCN  b 

73.0/3.0  /nO,5/24HHC 

39 

0D0144 

1  1.4m 

1 3H.rtE 

PCN  b 

40 

001216 

lO.flti 

136, 4F 

PrN  b 

41 

001244 

1 .34 . 9E 

PrN  d 

42 

091244 

1  O.OM 

136, 9E 

Pr.N  b 

43 

001337 

11  .Sm 

13S.2E 

PCN  4 

44 

InOObB 

11.3m 

133.6F 

PrN  b 

4d 

lndl2b 

U.3m 

133. 4E 

PrN  b 

T4.0/4.0  /ni,0/26MR«; 

4b 

101167 

19,7m 

13?. bF 

PrN  d 

47 

lnll67 

1  ?.9m 

!3?.6£ 

PrN  b 

48 

If.  1224 

19,4*1 

139. 3E 

PrN  b 

49 

101326 

1  T.3»i 

131 .3E 

PCN  6 

bo 

110039 

1  3.6m 

1  df'.bE 

PrN  b 

bl 

IIOIOS 

1 4  ,  Ow 

130. 4E 

PCN 

T4,S/4,5 

S2 

nolOb 

1  3,91m 

1.3ft,*E 

PCN  J 

Td,n/S,0-/r)l  .0/24HR*; 

b3 

111320 

1'6. 2w 

130. 4E 

PrN  J 

b4 

111346 

IS.lw 

1 3n.4E 

PCN  9 

Sb 

111346 

IS. 9m 

1.3.i,3E 

PrS  1 

76.0/5,0 

bfa 

1?U021 

16.4m 

130. 7E 

PcN  1 

76.0/5,0  /30.0/23HR6 

67 

1?U046 

16,S*J 

130, bE 

PrN  1 

bd 

l?004b 

16.6m 

13rt.4E 

PCN  1 

Td, 0/5.0  /f)0.5/2*HH«; 

b9 

IP0227 

16,7m 

13(p.9E 

PrN  1 

DO 

l?O7O0 

17,3*. 

l3(i.?E 

PrN  2 

bl 

171302 

1  S,2m 

13?.4E 

PrN  3 

62 

1?1327 

13,  4m 

139, IE 

PrN  3 

63 

1P1327 

13,  3m 

i:3?.4E 

PrN  3 

64 

1-10003 

I'J,  6m 

1  '34 . 7e 

PCN  3 

T4.s/S,0  /W0.5/23HR6 

6d 

130206 

20,0m 

13S.3E 

PCN  3 

66 

130208 

?0.  IM 

13S. 2E 

PcN  1 

74,0/5.0  /W1.0/26HR6 

67 

131244 

91 ,4M 

130, 6E 

PCN  b 

bd 

131308 

21 .4  m 

liH.Se 

PCN  b 

b9 

131308 

21.9m 

l3n,2E 

PCN  d 

70 

131763 

21,9m 

130, HE 

PCN  b 

71 

13234b 

?9,0m 

1 4?,bE 

PCN  1 

74.0/4.0  /SO.0/22HRS 

72 

132346 

?9.1m 

1  4  ?  .  1  E 

PCN  b 

73 

U0007 

29.1*' 

14?, bE 

PCN  b 

74.0/4.5  /W0.5/24HR3 

iTKt  1  1  It 

CJHmfnTS 

SITE 

DMS03b 

iNir  33s 

PGTd 

1;mS‘>3  7 

PGTd 

0M«;t>  ^6 

PGTd 

PGTd 

Omsp 

pgtn 

QMSP-^r 

PGTd 

0m<;p'<6 

PGld 

Omsp-xo 

PGTN 

QMSP  <6 

pgth 

Om<;piq 

PGTd 

1)mSP16 

pgtk 

qmsp 

PGTd 

T7«(»6« 

K6NC 

PGTd 

0M6P-?g 

PGTi( 

DM6P36 

PGTd 

pM<;P3g 

PGTW 

0MSP36 

PGld 

Pm5P3P 

PGTtf 

0MSP36 

pgtn 

0MSP3M 

ARRNT  i,Lr  INn7rATED  10  N 

PGTM 

TTwnsN 

KGdC 

0mSP36 

2ND  Cl'HC  at  0H4N  1604E 

PGId 

OMSPig 

PGTd 

[)mSP36 

UL  CNIH  4T  105N  I479t 

PGTd 

0MSP3g 

PGT9 

T7«fl5M 

KGNC 

pMSP36 

PGTa 

0M6P3g 

PGTt# 

0m6P36 

PGTd 

PGTd 

PMSP36 

pgtn 

pMgp-:tg 

INII  JdS 

ROOM 

pMSP3Q 

PGTri 

pMgp-^b 

PGTd 

DHSP3g 

UPR  LYl, 

RQON 

QMgp-^g 

PGTa 

0MSP36 

PGTd 

Omsp^m 

PGTM 

0M6P36 

PGTiil 

0M6P3P 

ROOM 

OMSPIP 

PGTd 

TTttftSN 

KGMC 

0MSP36 

PGTd 

OmSPIR 

PGTd 

OmSP  46 

pgtn 

Du(;P36 

ROOM 

{)M|3P3g 

pgtk 

T7W()5N 

KGdC 

0MgP36 

PGTa 

[>MgP39 

INir  3ds 

RPMK 

DM6P30 

PGTN 

PGTW 

OMRpig 

pgtw 

QmSPIP 

iNn  jds 

ROON 

0M6P16 

pgtw 

QMSP-^g 

PGTW 

0M6P3g 

RPMK 

OmroiR 

rpmk 

T7P»5N 

KGWe 

[>MgP36 

pgtw 

Dm(;p3P 

RPMK 

DMSP3g 

PGTW 

DM6P36 

PGTW 

0MSP3P 

PGTW 

QMSP^g 

ROOM 

0MSP36 

pgTw 

0MSP3g 

pgtw 

OmSPIR 

ROOM 

TTWOSM 

KGWe 

0MRD36 

ROON 

0M6P36 

pgtw 

{>m<;P3R 

pgtw 

aT^CoXFT  fixes 


FIX  Time  F7X 

?«>•  C7)  “OSTTlOri 


PUT  700^3  O0S  HAX-’^FC-W'iO  **A*-FLT-LVL-*Nn  Arr»Y 
I.VL  HttT  MSlP  VEL'HRG/P'16  ntU/VEL/aKG/fiNR  MAv/HFT 


EyE 

SHAPE 


rt£  OfllEN-  tie  temp  ir.)  mSM 
OTXm/TATIOW  OUT/  IM/  OP'/SST  MO* 


1  01^216 
2  0P20i0 

J  010920 
011302 
5  012130 

b  040108 
7  040718 

d  0S0159 
•  9  OS0940 

10  OS1300 

11  0<;1421 

12  0^21^0 


S.Hm 

160. 4E 

6,3m 

ido.lE 

6,6m 

1SR.2E 

6,6N 

IbO.OE 

7.8m 

160. HE 

R.?R 

lbR.2E 

H.Im 

Ibb.NE 

H,?m 

154. NE 

7  ,  bN 

163. 4E 

7.7m 

153. 4E 

7.7m 

IbP.bE 

H  ,  3m 

151, 9E 

700HH 

996 

46 

050 

15 

ORO 

36 

020 

SO 

3 

700Mtl 

3075 

60 

nSO 

05 

ORO 

89 

360 

IP 

? 

7oOMH 

3064 

998 

1  30 

39 

3bO 

25 

3 

7oOmH 

3049 

995 

ISO 

38 

110 

20 

9 

7oOMd 

305o 

992 

55 

030 

16 

ISO 

40 

0^0 

60 

5 

7oOMH 

3060 

994 

50 

010 

?5 

obo 

41 

340 

90 

5 

700MH 

3OI9 

98^ 

50 

340 

10 

36A 

50 

270 

56 

5 

7o0Mtt 

9R6 

80 

970 

30 

090 

53 

330 

20 

? 

7nOMB 

3101 

1?0 

53 

330 

60 

3 

7n0M« 

3089 

140 

59 

OdO 

15 

6 

7noMH 

3070 

1001 

190 

SO 

3d0 

60 

7 

7oOMH 

3136 

1000 

30 

non 

30 

070 

4S 

310 

50 

9 

S 

♦  28 

♦26  ^23 

1 

6 

♦  H 

♦  11 

2 

S 

♦  H 

♦  10  ♦  9 

3 

? 

♦  Id 

♦  14 

3 

6 

♦  H 

♦14  «10 

4 

5 

♦  11 

♦  14-  *10 

4 

b 

♦  d 

♦14  +10 

5 

b 

♦  l4 

♦IB  *10 

6 

9 

♦  12 

♦13  *12 

7 

3 

♦  13  ♦  9 

7 

4 

♦  IW 

♦  12.  ♦ta 

7 

4 

♦  10 

♦  14-  *  6 

8 
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1'3 

OftOOSl 

X.XM 

ISI .ME 

7oOM« 

x135 

1 A 

0X0215 

9.0M 

151 .7E 

7oOmm 

X12X 

Id 

0x0035 

9*4fJ 

lSn.9E 

7oOm8 

X094 

1 6 

061205 

9.  Iw 

140, 7E 

7o0hH 

X090 

*  17 

061402 

<J,  4HJ 

14X.4E 

7oOmB 

X09x 

*  10 

0x2030 

9,4m 

14X,1E 

700MH 

XOttO 

19 

062127 

1  n  •  0 

146. RE 

7oOHH 

•  2U 

071503 

10,?M 

144. 7E 

7oomh 

X05q 

21 

071907 

ln,9M 

144.HE 

7oOMH 

X05x 

22 

072120 

11.1m 

144, RE 

Toohh 

X06? 

23 

0«0553 

12.  Xm 

14X.6E 

7r>0MH 

24 

OROB50 

U.Xm 

147, 4E 

7oomb 

X09? 

25 

0X1938 

1  1*3n 

130. 7E 

7oOMb 

x045 

2b 

0X2126 

11.6m 

J30,ME 

700Mtt 

X084 

27 

0QUbl7 

11. ?M 

137. 6E 

7oomh 

x066 

28 

OqOBI 2 

]  n,SM 

33X.3E 

70DHb 

7992 

29 

031934 

1'>,9n 

134. 4E 

7oomH 

7925 

3U 

092207 

1  I.IM 

134. ?E 

7oOHM 

7935 

31 

lo2247 

IX.  5N 

130.9E 

700MH 

7797 

32 

11 0554 

14.3m 

130. ?E 

7O0Mb 

779? 

33 

110927 

14.4M 

130. lE 

7o  OmH 

777  s 

34 

112149 

1S.9M 

130. 3E 

7nOMB 

76a? 

35 

172105 

19,4M 

13X.HE 

700HH 

76tti 

36 

172214 

19,5m 

134. OE 

7oOMB 

7660 

37 

1x0306 

20. 7M 

136. RE 

7f»0MM 

7762 

3B 

1x1936 

27.1m 

141 .4E 

7nOHM 

7934 

39 

1X2220 

27.  ?M 

14?, OE 

7nOMB 

xoo? 

40 

U0737 

27.7m 

l4S.bE 

1500F7 

1002 

35 

170 

35 

ii<in 

41 

3bO 

90 

7 

X 

30 

220 

30 

170 

41 

3bO 

90 

6 

H 

1000 

40 

790 

XO 

nso 

47 

290 

ISO 

10 

6 

1002 

1X1* 

10 

24  0 

30 

7xn 

28 

160 

136 

S 

70 

995 

25 

350 

75 

OQO 

51 

350 

*20 

4 

S 

50 

050 

25 

uo 

52 

070 

27 

4 

70 

996 

73X 

30 

170 

20 

6 

S 

lAO 

33 

090 

90 

S 

6 

996 

35 

020 

60 

ISO 

43 

040 

80 

4 

5 

30 

020 

30 

MX 

34 

020 

35 

6 

S 

)xo 

77 

luo 

no 

10 

s 

ISO 

23 

0^0 

s 

IS 

in 

25 

730 

15 

14it 

22 

OYO 

60 

10 

s 

35 

.300 

30 

ion 

39 

300 

40 

A 

5 

986 

40 

360 

5 

n  n 

74 

3bO 

10 

X 

5 

ONO 

6i 

330 

30 

6 

s 

60 

790 

25 

ISO 

55 

09U 

30 

6 

X 

964 

RO 

120 

35 

170 

78 

120 

3S 

4 

s 

75 

300 

10 

310 

R5 

230 

60 

6 

5 

963 

75 

030 

13 

7sn 

76 

140 

76 

6 

5 

954 

loo 

no 

30 

700 

105 

130 

30 

6 

S 

X70 

84 

270 

1*; 

4 

X 

951 

90 

310 

30 

770 

106 

120 

30 

6 

3 

962 

1 10 

IBO 

20 

2X0 

118 

170 

26 

6 

7 

1  on 

75 

060 

30 

6 

S 

90 

350 

50 

7X0 

45 

OBO 

30 

6 

1  n 

2001 

40 

770 

15 

730 

39 

0/0 

46 

A 

2 

ClRCuLftR 


CIRCULAR 


1? 


30 


b 


♦  14 

♦  14 

♦  7 

B 

♦  in 

♦13 

♦  12 

V 

♦  13 

♦  10 

V 

♦  1* 

♦  11 

*10 

9 

10 

♦  25 

♦  25 

♦22  77 

10 

♦  12 

*13 

♦  iO 

12 

*16 

♦  9 

12 

*13 

♦  1 3 

*11 

12 

)3 

♦  lA 

♦  13 

♦10 

13 

*13 

♦10 

14 

♦  15 

♦  9 

14 

♦  1$ 

♦  7 

IS 

.  9 

♦15 

♦  6 

is 

♦  15 

♦  9 

16 

16 

♦  12 

♦  21 

♦  9 

IB 

♦  1  5 

♦  10 

IV 

♦  is 

♦16 

♦  10 

19 

♦  In 

♦19 

♦11 

?0 

72 

♦  14 

72 

.13 

♦  19 

♦  9 

?J 

♦  17 

♦  9 

74 

♦  H 

♦  17 

♦  9 

74 

?s 

SrwnaTTT  fixes 


Tthe 

FlJf 

intEnsitv 

nearest 

<  7) 

POSTTIOm 

ESTIMATE 

^flTA  fNM) 

290000 

7.nM  169. OE 

li> 

1  00 

3n0000 

7.0m  Ibx.SE 

15 

120 

141200 

23. Om  14X.0E 

20 

200 

COHMEi^lb 
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TROPICAL  STOKM  BEN 


«ATEt  I  ITF  FtUtS 


FIX  T|H£  PfX 


NO. 

i7i 

oOStTIOm 

ACCt^Y 

DVn9AK  CODE  ! 

R*TF|» ITE 

comments 

SITE 

\ 

2^0134 

11  .Tm 

137. OF 

HCN  ^ 

{>u.;piQ 

P6TM 

t 

2nl21T 

U.Tm 

l3n.9E 

PCN  5 

Omspi^ 

PGTW 

3 

2)0059 

1 1 . 5^1 

127. OF 

PCN  J 

T2. 1/2,0- 

INIT 

3**S 

pgTn 

% 

?)0ni^ 

n.sst 

1264<>E 

PCN  3 

PGTW 

b 

2i01i4 

11.6m 

176. TE 

PC»J  s 

t2. 0/7,0 

INI? 

!><lS 

RPMK 

& 

ZU34D 

n.7M 

123, HE 

Pcs  5 

[)u!t;c»16 

RODS 

7 

2l 1355 

lI.bM 

123.HE 

PCS  5 

QnSPlM 

pgtx 

a 

2| 135b 

1  l.bM 

123.7E 

Pcs  5 

RPMK 

9 

2l 1356 

n«6N 

123. RE 

Pcs  5 

QMSOl** 

RODS 

10 

270041 

1?.4N 

12) .4E 

Pcs  5 

T3,5/3.5-/ni ,5/24HR5 

QMSOIS 

pgts 

11 

270236 

13.1m 

12). OF 

Pcs  5 

T3.i»/3.5 

0M5P19 

isir 

JdS 

RODS 

12 

270237 

12.5m 

121. 9E 

Pcs  b 

T3.0/3.0  /01,0/25HR4 

Dmspis 

RPMK 

13 

270652 

n.6M 

11944E 

Pcs  n 

TTMOSM 

KGWC 

1* 

271322 

13. IM 

no. IE 

Pcs  b 

t>«SP34 

PGTS 

lb 

271336 

n.5M 

119. 2e 

Pcs  b 

0M^1O 

pgTw 

16 

21UD23 

IS. 9m 

n«*3E 

Pcs  b 

T2. 5/3.5  /W1 .0/24HRQ 

0MSP34 

pgts 

17 

230204 

15.7m 

1 19. HE 

Pcs  s 

0MSP16 

RODS 

10 

230217 

1  6,3m 

119. 7E 

Pcs  b 

0m^p1m 

PGTS 

19 

230217 

IS.  5m 

1 1 9.3E 

Pcs  b 

T2. 5/3.0  /W0.5/24HRC 

RPMK 

20 

210640 

IS.flM 

I2l  .3E 

Pcs  b 

ripfKiN 

K6NC 

21 

2ll304 

21, AM 

123. 9E 

PCS  b 

OMSP14 

PGTM 

22 

211317 

20.0m 

12&.U 

Pcs  b 

0 MSP IS 

pgtm 

aT5Cp«¥^T  fIXES 


Fix 

TtME 

FTX 

FLT 

700H3 

OBS 

SAX■'SFC-^#^^0 

•AX-FLT-LVt- 

SHn 

Acrov 

EyE 

EYE'  ORIES-  EYf  TEMP. 

<C)  MSS 

NO. 

17) 

position 

LOL 

H6T 

MSUP 

VEL/hRG/RSG 

niP/9EL/Brt'»/HS(^ 

NAS /met 

shape 

OIAm/TATIOn  nut/  IN/  OP'/SST  so. 

1 

2)0620 

11*5m  12'^.BE 

TiOMH 

3047 

992 

50 

030  70 

10A  4b  330 

61 

4 

5 

♦11  ♦!! 

1 

2 

2 t 2225 

IP.Sm  127.3E 

7iO«P 

60 

360  10 

7|rt  38  120 

61 

3 

4 

2 

i 

270313 

13.4W  119. HE 

700HB 

3013 

996 

70 

320  10 

170  72  ObO 

15 

1 

3 

*13  ♦  8 

4 

4 

272239 

15.5m  119, 4E 

710MH 

305? 

995 

70 

020  12 

170  S6  090 

15 

7 

2 

circular 

25  *14  ♦  9 

6 

RA3AP  FT»tS 

FIX 

TtME 

-  TX 

EYF 

EYP 

PXfiikb-COOE 

KAOaR 

SITf 

NO. 

<7» 

POSiTIOm 

RADaR  a 

CCRY 

SHAPE 

DiAM 

ASuAH  TODFF 

comments 

PnSITlON- 

wmO  so. 

i 

2)0710 

12.1m  125. 2E 

LAwO 

i«m/  ///// 

10. 3s  i24,0E 

98646 

2 

2)0340 

17. 9m  12'^.2E 

LAmO 

1«S)0  5//// 

10. 3N  )24,0E 

98646 

3 

2)1106 

12. OM  124. 2E 

land 

12013  52714 

10. 3M  124.0E 

98646 

4 

2)1200 

n.9M  123.se 

LAmO 

10330  52blB 

10. 3N  124. OE' 

98646 

5 

2)1300 

11. 3M  123. 4E 

LAmD 

P5750  52620 

10,3M  I24.0e 

98646 

b 

270700 

13.5m  1)9. 9E 

LAmO 

FftlR 

circular 

7R 

15, 2M  120.6E- 

98377 

7 

271900 

15, 7m  119, 4£ 

eamo 

CIRCULAR 

15.2M  120.6E‘ 

983P7 
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2.  NORTH  INDIAN  OCEAN  CYCLONE  FIX 
DATA 


TC  17-79 
I  ttf  fiixes 


Fix 

TT«£ 

FIX 

NO. 

(7> 

position 

oCrRY 

1 

062354 

6*5n 

H0.7E 

Prs 

6 

2 

0x1240 

7.7m 

H7,6E 

PCN 

6 

i 

061705 

H.5m 

BH.SE 

Pcs 

6 

4 

070121 

7,6m 

R9,4E 

Pcs 

h 

3 

070549 

6.3m 

W7.RE 

Prs 

f> 

b 

071220 

6,9m 

«6.HE 

Pcs 

t> 

7 

071&47 

7.0m 

K6.7E 

PfS 

b 

6 

060100 

S.3m 

BX.  lE 

Pcs 

4 

9 

0HO528 

S.7m 

MX.3E 

Pcs 

1 

lu 

061341 

6,1m 

96.4  E 

Pcs 

1 

11 

OAlSlO 

7,7m 

96. 7E 

Pcs 

2 

12 

0OU040 

7,7m 

86, 3E 

PCN 

2 

13 

000340 

7.9m 

H7.5E 

14 

001321 

9,7N 

96, OE 

Pcs 

4 

lb 

001751 

10. 7m 

KS.5E 

Prs 

J 

16 

100021 

10,7m 

94. 6E 

Pcs 

1 

i; 

1O0451 

1 1 ,6X1 

94. 5E 

Pcs 

1 

IB 

lnl302 

l?,lM 

M3.6E 

Prs 

2 

19 

101734 

17,6m 

H3,4E 

Pcs 

1 

*  20 

102115 

n.o« 

87. 2E 

*  21 

1p2124 

0.4M 

M4.3E 

22 

llUOOl 

12. 6n 

87, 5E 

Pcs 

2 

23 

110142 

12.7m 

83. 3E 

Pcs 

2 

24 

110615 

13.3m 

b7.7E 

Pcs 

2 

2b 

111001 

14,3m 

B0.5E 

26 

lil241 

14,1m 

97. OE 

Pcs 

2 

27 

111715 

13, 9m 

ei.2E 

Pcs 

1 

2B 

170122 

U.3M 

81  .OE 

Pcs 

4 

29 

IpUbSb 

14.7m 

Pn.HE 

Pcs 

4 

•  30 

171135 

IS.  5n 

78. 9E 

31 

171402 

16.7m 

79. IE 

PCN 

4 

32 

130102 

16,9m 

78. OE 

Pcs 

b 

33 

130538 

16.0m 

77. 4E 

Prs 

6 

iJVn^AK  CODE  SAlFttTTE  COHmfNTS 


Tl.0/» .0 
T'l 

Tl. 0/1*0 
TUO/1  *0 

t2.S/?.5  /ni,5/30HRc 


T3,n/3.0  /DO.S/iRHR*; 
0/4.0  /01.5/24MR*; 


t3.5/4,o-/W0.5/24HR<; 
t5. 0/5.0  /OI.O/24HR«; 


t5, 0/5.0  /D1.3/24HR*: 
t6, 0/6.0  /DU0/26HR*: 
T6. 0/6*0  /OI.O/SaHRc: 


t3.0/4.0-/W2*0/24HR<S 


OUSP17 

0MSP17 

0MSP3S 

0MSP37 

Dm5P 

DMSP37 

Dm<;p-)7 

0M5P3S 

Qmspi? 

Omsp 

0h«;p37 

fTPOSM 

DW5P37 

Dm^P 

Dm^oit 

0MSP3S 

Om6P 

Omsp 

TiPnsN 

TTHns*^ 

DMSP37 

0MSP37 

O^SPIS 

TTR05N 

0MSP17 

DmsP 

DMKP17 

DmSP^S 

TTPnsM 

DMSP37 

0MSP17 

0MSP35 


CNTK  amsFD  ON  UPR  LVL  OmTFLop 
POSIT  ciAi;EO  UPR  LVL  AHTfCYCLONEi 
INIT  Oas 


eOGt  Of  nATA  POSIT  BASED  CURV 

APPHNf  Loy  LVI  CIRC 

STORM  UM  East  FD6E  OF  PjCTURE 

EYE  COVEpEO  Rv  thin  CI  cANORY 
eye  UlJ»TnRTEn 
CTh  BAAEn  ON  CM  BANOS 
EYE  HAtiGFO 


EYE  EMdEnOEO 

6000  eye  fioOD  ri  OUTFLOy 

EYE  RtUL  OEFTNEO 

eye  MEIiL  OEFTMFO  est.  otg 

EYE  NOf  WS0L 

EYE  OS  edge  of  data 

EYE  NEUl  defined 

eye  MEm.  oefinfd  and  EMbEODfO 

EYE  NEUL  OEFTNFO 


EYE  NOT  wSBL  DllE  TO  Cl  cANOpV 
w  Eose  OF  data  CI  CAP  Over  eve 
CDO  MD*t£  OVAI 

EYE  NDf  wsbL  «000  CI  OUtFLOV 
EYE  OEfiNABLF  fST.  DT6 
EYE  NM  VSBL 
UPR  LVI,  ANTirvCLONE 


SITE 


KGHC 

KGVC 

KGVC 

K6VC 

KGMC 

K6VC 

KGVC 

K6MC 

kgmc 

K6VC 

KGHC 

KGWC 

FJDG 

K6VC 

K6MC 

KGMC 

K6NC 

KGWC 

K6VC 

FJDG 

FJOG 

KGHC 

K6«C 

K6NC 

FJDG 

KGHC 

KGHC 

KGHC 

KGHC 

FJDG 

KGHC 

KGHC 

KGHC 


TC  18-79 


RATEM  TTF  FIXES 


FIX  Time  fix 


MU. 

\7t 

POSITION 

aCcRY 

DVD9AK  CODE 

1 

170645 

IB.Om 

69. 2E 

Pcs  6 

Tl .0/1.0 

*  2 

171349 

18, 7w 

71. IE 

Pcs  6 

3 

171927 

17.6m 

66. OE 

Pcs  6 

4 

180230 

18.7m 

6R,0E 

Pcs  6 

5 

180627 

17,  7m 

64, 2E 

Pcs  4 

T2. 0/2.0  /Ol. 

♦  b 

lAllOO 

18.  iM 

6O.0E 

7 

181511 

18.7m 

67. 9E 

Pcs  6 

B 

181909 

18.SN 

67  •6E 

Pcs  6 

9 

IbOOOO 

18, OM 

S9.9E 

ID 

190210 

18,0m 

60. 7E 

Pcs  6 

11 

I9O6O8 

18.7m 

60. IE 

Pcs  5 

T2.5/2.5  /DO. 

12 

190750 

18,3M 

S9.3E 

Pcs  5 

♦  13 

191139 

18,7m 

57. OE 

14 

191450 

19.0M 

59. 5E 

Pcs  5 

tH. 5/2.5  /DO. 

15 

191850 

19.1N 

S9.7E 

Pcs  6 

16 

192300 

19,0m 

58. OE 

17 

200150 

18,1m 

57. 6E 

Pcs  6 

TZ.0/2.5  /ho. 

IB 

2nU73i 

18,3m 

S6.6E 

Pcs  5 

*  19 

2ol430 

21. 4m 

54. 9E 

Pcs  6 

*  20 

210419 

1S.4M 

57. IE 

Pcs  5 

Tl. 0/2.0  /HI. 

satfllite 

CONnfNTS 

0M9P3S 

0m<;p3T 

OMSP35 

INir  OHs/ANTTCVCLOME  ALoFT 

»0/£4HR9 

DM9P37 

UPR  LVU  ANTICYCLONE  Cl  qUTFLOH 

0P5P35 

TTRDSN 

0MSP37 

OMSP35 

TTROSN 

0MSP37 

POSIT  4A9E0  ON  EXTRAP 

.5/24HR9 

DMSP35 

DMSP35 

Ttrdsn 

ON  £D3|  OF  data 

5/24HR9 

DM6P37 

BASED  On  Exposed  llc 

0MSP3S 

TTRDSN 

POSIT  haseo  oh  extrap 

5/24HR9 

0HSP37 

0MSP35 

D/27HR<; 

0NSP37 

POSIT  Haseo  on  extrap 

DNSP37 

SITE 


KGHC 

KGHC 

KGHC 

KGHC 

KGHC 

KNS5 

KGHC 

KGHC 

KNSS 

KGHC 

KGHC 

KGHC 

KNSS 

KGHC 

KGHC 

KNSS 

KGHC 

KGHC 

KGHC 

KGHC 


SYWOPTTC  FIXES 


TtHE 

(7) 

Fix 

position 

intensity 

estimate 

sparest 

DATA  INI 

171200 

17.5m 

67. OE 

30 

40 

I7IBOO 

18. DM 

65. 5E 

30 

20 

I9O6UU 

19.0m 

59.0E 

45 

60 

191200 

19, OM 

60. OE 

35 

80 

211800 

21.0m 

56. SE 

15 

200 

comments 
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TC  22-79 


«;«TEM  TT^  FjXtS 


FIX 

TIME' 

FTX 

NO* 

(7) 

position 

4CcRy 

DVORAK  CODE 

•  1 

21  1200 

R*5n 

84. OE 

2 

211340 

U.^M 

ftS.4E 

PCN  t 

3 

21 1502 

12.0m 

bS.2E 

PcN  5 

*  4 

270039 

14.4U 

87. 2E 

PCN  *> 

Tl 

.5/1.5 

♦  5 

270100 

13. Sn 

81. IE 

6 

270443 

14,1m 

H4.0E 

PCN  6 

7 

271320 

IS.ON 

H?*8E 

Pcs  5 

Tl 

.5/1.5 

9 

271543 

1S.7M 

87.4E 

Pcs  5 

9 

2T0413 

I6.9N 

81  .2E 

Pcs  5 

Tl 

♦  5/1.5 

10 

2^0424 

15.9W 

81. 3E 

Pcs  6 

Tl 

.0/1.5  /NO 

FIX 

TIME 

FIX 

intensity 

nearest 

tM>* 

(7) 

position 

ESTIMATE 

04TA  (NM> 

1 

200000 

9.0w 

88. OE 

20 

250 

2 

2O1200 

10*  On 

87. OE 

20 

200 

SMFI  I  ITE 


TTROSN 
Om<;p‘^  7 
QmsPHQ 
0w5Pl7 
TTPOsw 
QM^P^Q 
OKSPI? 
DmSP'^P 
DMSP;)^ 
DMSP'^* 


CO'^MFNTS 


JNII 

INIl 


INIt 

INIl 


Ms 


O'^S 

MS 


INIT  3<iS/**SN  OASEO  ON  CONV 
PSn  &AaEn  ON  TFNTER  OF  cOnV 


SYwnsTir  FIXES 


COMMENIS 


SITE 


knss 

Ke«ic 

KGnC 

KGMC 

KNSS 

KGKC 

KGHC 

KGNC 

KGNC 

K6«IC 


TC  23-79 
<;ATEIITTF  FtlXES 


FIX  TtME*  fix 

NO*  <7>  POSIT lOfj  ftCcRT  Dvorak  code 


SftTFl  I  ITE  CO'^HFNTS 


SITE 


1 

180559 

12.4N 

71  .8£ 

Pcs  5 

Tl. 0/1*0 

« 

2 

181441 

12.6N 

70. IE 

PCS  6 

/D1.0/24HR8 

3 

190140 

14.4N 

7n.4E 

PCS  ^ 

t2. 0/2.0 

4 

190443 

I4.1N 

71. 3E 

PCS  5 

« 

5 

190541 

14.IN 

71. 9E 

Pcs  5 

« 

6 

191421 

14*  On 

69. OE 

PCS  6 

« 

7 

191640 

13. 5n 

6«.7E 

PCS  6 

/S1.5/24HR8 

8 

200120 

14.4N 

70. 3E 

Pcs  6 

TO. 5/1. 5 

9 

200512 

1S*6N 

70.4E 

Pcs  6 

• 

10 

2O1015 

IS. ON 

69.  OE 

11 

2O1400 

15.8N 

69. BE 

Pcs  6 

12 

2a1606 

16. ?N 

69. 4E 

Pcs  6 

13 

210059 

16. 7n 

69.  OE 

Pcs  6 

14 

210321 

16. 9n 

69. 5E 

Pcs  4 

15 

211100 

18.DN 

68. OE 

Pcs  A 

/D0.5/24HR8 

16 

211340 

17. Bn 

69.4E 

PCS  6 

Tl.0/1 *0 

• 

17 

21 1447 

16.4m 

67. OE 

IB 

270039 

lfl.5N 

66.2E 

Pcs  3 

t3. 0/3.0 

/O2.0/24HR9 

« 

19 

270100 

17. 7n 

6S.4E 

20 

270221 

18. SN 

66.2E 

PCS  3 

21 

270625 

18.8m 

68.7E 

Pcs  3 

22 

271130 

19,0m 

64. 2E 

23 

.271501 

19. 4n 

64. 3E 

Pcs  6 

24 

271712 

20. 7m 

63. 3E 

Pcs  6 

25 

271724 

19.3m 

63, 5E 

Pcs  6 

T3.0/3.0 

/O2.0/24HR<i 

26 

280200 

19, 7n 

67.4E 

Pcs  4 

T2.0/3.0 

/W1.0/24HR«; 

27 

280413 

19. 6n 

67, 3E 

Pcs  3 

28 

280606 

19. 7N 

63.2E 

Pcs  3 

29 

231100 

19. IN 

61. OE 

/N1.0/24MR*: 

30 

231441 

2o.nN 

61  .OE 

Pcs  6 

T2.0/3.0 

31 

231705 

20. 3N 

60.HE 

Pcs  6 

32 

240140 

20. 4N 

60  •  IE 

Pcs  3 

Tl.0/2.0 

/W1.0/24HR8 

33 

240354 

20.3N 

60.0E 

Pcs  3 

34 

240547 

19,9m 

59.4E 

Pcs  3 

35 

241421 

19.8m 

5R.8E 

Pcs  6 

• 

36 

241646 

18, 6n 

58.1E 

Pcs  6 

0M8P39 

INIT 

OMs/CENTFP  BASED  ON  LLCC 

KGSC 

DU8P37 

KGSC 

0M8P37 

KGSC 

0MSP36 

kgnc 

DMSP3N 

KGSC 

DMSP37 

KGMC 

[)M8P39 

KGSC 

0MKP37 

P5N 

BSD  AN  CwTR  of  CONV/NO  LlC 

K68C 

DHSP39 

K6SC 

TlPDSN 

KNSS 

0MSP37 

KGMC 

ONSP36 

PSS 

BSD  nN  APPPNT  LLCC 

K6SC 

DM8P37 

PSS 

BSU  AN  APPRNT  LLCC 

KGSC 

DM8P39 

KGSC 

TTR08N 

KNSS 

QM8P37 

KGSC 

TlPnsN 

FJOJ 

DMSP37 

KGSC 

TlPflSN 

KNSS 

DM8P37 

KGSC 

DMSP39 

KGKC 

TTRO^N 

KNSS 

OMSP37 

UPR 

LVW  nUTFl  nw  GOOD 

K6KC 

0MSP34 

KGMC 

OM8P39 

PSM 

BASEA  on  CFNTROID  Of  cdo 

K6BC 

OMSP37 

KGMC 

DMSP36 

KGMC 

OMSP39 

psn 

baser  on  FXPOSEO  llc 

K6BC 

Tirdbn 

KNSS 

0M8P37 

KGSC 

OM8P39 

POSIT  4sn  ON  FXTKAP 

KGMC 

0MSP37 

KGMC 

DM8P36 

KGMC 

0MSP39 

GOOU  LU  CLO  1  TNE/NO  COD 

KGSC 

DMSP37 

P5S-DS  880  ON  LL  CO  line 

KSMC 

|)M8P39 

CONV  s^l/posit  hsd  on  llC 

KGMC 

STwOPTir  FIXES 


FIX  Time  fix 

NO.  17)  POSITION 


intensity  nearest 
ESTIMATE  0*TA  (NM) 


COMHEnIS 


1  241900  2n*nN  ST.oE 


10 


200 


186 


TC  24-79 


«ATEI  I  TTF  F.IXES 


FIX 

TtHS 

FIX 

NO. 

17) 

POSlTirin 

ACrRY 

CODE  SATFlITTfc 

COHmfnTS 

1 

2«1424 

10,7m 

92, 5E 

PCN  h 

TO, 5/n, 5 

Dmspio 

iNir  jds 

2 

2«235B 

10.5m 

91,5E 

PCN  h 

f 1 , 5/1 , 5 

Om5P57 

3 

2Q0144 

10,9m 

90. 6£ 

TTPDSM 

iNir  Ods 

4 

2QU333 

11. ?N 

90, 7£ 

PCN  <J 

Om5P35 

3 

2oU446 

11,5m 

90. 3E 

PCN  b 

Dm5P1Q 

6 

2wl23H 

12,5m 

«o.6e 

PCN  fc 

OmSP-^7 

7 

291346 

12.3m 

39. 3E 

PCN  t 

0m5p-;im 

d 

3nJ130 

12, IM 

tp.  lE 

TT«05n 

3o0315 

12,5m 

PcN  b 

Tl.5/1 .5 

0MSP15 

10 

300427 

1 3,  Om 

B5,7E 

PCN  5 

Tl.5/1 ,5 

/SO. 0/27HR5  OmShIO 

1 1 

3ol2l6 

13,4m 

K5.HE 

PcN  b 

12 

301527 

1 2,  Sm 

»15,3f 

PCN  b 

DmSP39 

U 

302230 

12, 5m 

m5,9E 

0m5p 

14 

31 005B 

13,7m 

35. 3E 

PrN  b 

t2,o/?,0 

/DO , 5/22HR5  Dmsp?  7 

15 

3l 0257 

13,5m 

H4,7E 

PCN  b 

QmSP'^A 

16 

3l  U40B 

13, 5iJ 

M4.ie 

PCN  ^ 

0M5P1O 

1  7 

310900 

12,0m 

HP.bE 

TTMH^M 

lb 

311339 

13,?m 

hi.PE 

PCN  3 

0'<5P37 

I'f 

010033 

12.3m 

Ml  .OE 

PCN  b 

t2,5/?.5 

/00,5/24HH5  0MSP57 

20 

01O530 

12,5m 

Ho,6E 

PrN  b 

0MSP3O 

21 

011313 

12,9m 

70, 4E 

□  mSP3'7 

•  22 

011630 

U  .  ?M 

70. 4E 

PCN  b 

OM^p'^g 

site 


KGtIC 

KG»fC 

FJOJ 

KGiiC 

K6«C 

KG»fC 

KGI*C 

rjoj 

KGNC 

K6MC 

KGMC 

K6«C 

KNSS 

KG«#C 

KGifC 

KGrC 

FJOJ 

K6»<C 

K6«IC 

KGWC 

KGMC 

K6«C 


TC  25-79 
^ATEH  TTF  r.iAtb 


FIX 

TtM£ 

FTX 

NO. 

(7) 

POST T tom 

aCcRY 

*  1 

170502 

11.3m 

7?.nE 

*  2 

131417 

14.5m 

70. IE 

PcN 

5 

J 

171648 

1  3.4m 

60. 9E 

PCN 

5 

4 

U0116 

12, 6w 

69. 5E 

PCN 

b 

5 

U0S24 

1?.SN 

69. PE 

PCN 

5 

6 

U1356 

15.0m 

69. 5E 

PCN 

6 

7 

150605 

13.  IM 

70.5E 

PCN 

3 

9 

151336 

U.Sm 

60. 9E 

PCN 

b 

9 

151705 

15.0m 

69. 7E 

PCN 

6 

lu 

150216 

14*  5m 

69. 5E 

PCN 

6 

11 

1  a.0546 

14.7m 

69. 7E 

PCN 

3 

12 

151457 

15.4m 

70.  IE 

PCN 

6 

13 

151646 

17,2m 

70. 9e 

PCN 

6 

*  14 

170156 

17. Om 

71. IE 

PCN 

5 

15 

170527 

1  R  a  SM 

69. RE 

PCN 

3 

16 

17.1436 

19.6M 

70.  IE 

PCN 

5 

17 

171626 

19.Rm 

70. 2E 

PcN 

6 

OVflPAK 

COPE 

SaTFI  I  TTfc 

COHhfNTS 

TO. 5 

Dm5P 

0M5P37 

0M5P35 

Omsp 

INIT  OPS 

TO. 5/n, 5 

/Sn,D/25HH«: 

pMSPig 

Omspit 

TO. 5/n. 5 

/SO,0/24HR5 

Omspio 

0M5P17 

QMSPlO 

DM5P37 

EXPbD  LLCC 

Tl.5/1. 5 

/D1.0/E4HR5 

pMSPSO 

DMSP37 

0M5P39 

0M5P17 

EXPSD  WLCr 

Tl.0/1.5 

/N0.5/E4HRS 

0M5P39 

0MSP37 

0MSP39 

site 


KGKC 

KGI^C 

K6WC 

KGHC 

KGrfC 

KGNC 

KGHC 

K6KC 

K6KC 

KOtriC 

KGMC 

KGKC 

KGWC 

KGtfC 

KGtfC 

KGifC 

KGMC 


TC  26-79 


*5ATE|  t  itf  fixes 


Fix  TtHE^  FTX 


NO. 

(7) 

POStTIOn 

accrt 

1 

2nlS28 

g*om 

94.0E 

2 

210033 

9*0n 

92. 5E 

3 

210409 

IO.On 

92. 6E 

4 

211314 

IO.Sn 

91  .SE 

PCN 

5 

211S09 

10.9m 

9l.eE 

PCN 

♦  6 

211510 

7.7m 

91. 6E 

7 

220013 

10.9m 

91. 6E 

PCN 

9 

221253 

10;t9M 

90. 8E 

PcN 

9 

221631 

10*  8m 

8R.7E 

PCN 

10 

222353 

10.7M 

SR.lE 

PCN  < 

11 

222353 

10*3m 

B9.2E 

PCN  « 

12 

230330 

io.dm 

ttR.GE 

PCN  * 

13 

230331 

10. Bm 

67. 5E 

PCN  t 

*  14 

231233 

12.0m 

64. 3E 

PCN  £ 

IS 

231612 

10.7m 

84. SE 

PCN  S 

16 

240453 

10.3m 

82. 7E 

PCN  3 

17 

241353 

13.5N 

80.  IE 

PCN  6 

»  18 

2S0052 

12.9m 

78. 9E 

PCN  6 

19 

250443 

13.1m 

eo«6E 

PCN  3 

20 

251631 

is.tm 

77.9E 

PCN  5 

OVa^AK  CODE  SaTFI  I  TTE  COHhfNTS 


tO*5/0.5 

T0,S/0*5  /S0.5/24HRA 
TO. 0/0.0 

t2«5/?.5  /02.0/25HR«J 
TU5/2.5  /W1.0/24HRC 


0i«5P39 

UPR 

tow  cntr 

DM!;P39 

0MSP39 

UPR 

Ll/W  tntR 

0MSP37 

DMSP39 

DMf;P39 

INIT 

08s 

0MSP37 

UtAC 

0MSP37 

ULAC 

DM^PIQ 

INII 

OiS 

DMSP37 

DMSP37 

0MSP39 

ulac 

DMSP39 

DMSP37 

INIT 

08s 

OMf;pig 

LLCC 

0M5P39 

0MSP37 

LLCC 

0MSP37 

ulac 

GMSP39 

DM5P35 

LLCC 

SITE 


KGMC 

KGMC 

KGMC 

KGMC 

KGMC 

RPMK 

KGMC 

KGMC 

KGMC 

KGMC 

RPHK 

KGMC 

RPHK 

KGMC 

KGMC 

KGMC 

KGMC 

KGMC 

KGMC 

KGMC 
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APPENDIX 


1  rnwTCArTiONS 

International  Civil  Aviation 

ICAO 

Organization 

AC£eW 

Aircraft  Control  and  Warning 

System 

IR 

Infrared 

ACCRY 

Accuracy 

KM 

Kilometer (s) 

ACFT 

Aircraft 

KT 

Knot  (s) 

AIREP 

Aircraft  Weather  Report Cs) 

LLCC 

Low  Level  Circulation  Center 

(Coiranerical  and  Military) 

LVL 

Level 

ANT 

Antenna 

M 

Meter (s) 

APT 

Automatic  Picture  Transmission 

M/SEC 

Meters  per  Second 

ARWO 

Aerial  Reconnaissance  Weather 

Officer 

MAX 

Maximum 

ATT 

Attenuation 

^IB 

Millibar  (s) 

AVG 

Average 

MET 

Meteorological 

AWN 

Automated  Weather  Network 

MIN 

Minimum 

BRG 

Bearing 

MOHATT 

Modified  Hatrack 

CDO 

Central  Dense  Overcast 

MSN 

Mission 

Cl 

Current  Intensity 

NAV 

Navigational 

CLD 

Cloud 

NAVPGSCOL 

Naval  Postgraduate  School 

CLSD 

Closed 

NEDN 

Naval  Environmental  Data  Network 

CNTR 

Center 

NEDS 

Naval  Environmental  Display 
Station 

CONF 

Confidence  (number) 

NEPRF 

Naval  Environmental  Prediction 

CPA 

Closest  Point  of  Approach 

Research  Facility 

DEG 

Degree (s) 

NESS 

National  Environmental  Satellite 
Service 

DIAM 

Diameter 

NET 

Near  Equatorial  Trough 

DIR 

Direction 

NM 

Nautical  Mile(s) 

DMSP 

Defense  Meteorological  Satellite 
Program 

NOAA 

National  Oceanic  and  Atmospheric 
Administration 

EASTPAC 

Eastern  Pacific 

NRL 

Naval  Research  Laboratory 

ELEV 

Elevation 

NTCC 

Naval  Telecommunications  Center 

FLT 

Flight 

OBS 

Observation (s) 

GOES 

Geostationary  Operational 
Environmental  Satellite 

PCN 

Position  Code  Number 

HATRACK 

Hurricane  and  Typhoon  Tracking 

PE 

Primitive  Equation 

(numerical  forecast) 

PSBL 

Possible 

HGT 

Height 

PTLY 

Partly 

HPAC 

Mean  of  XTRP  and  Climatology 

QUAD 

Quadrant 

HU 

Hurricane 

RADOB 

Radar  Observation 

HR 

Hour (s) 

RECON 

Reconnaissance 

HVY 

Heavy 
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RNG 

Range 

RPD 

Rapid 

SAT 

Satellite 

SFC 

Surface 

SLP  (MSLP)  Sea  Level  Pressure  (Minimum  Sea 
Level  Pressure) 

Synchronous  Meteorological 
Satellite 

Spiral  Overlay 

Selective  Reconnaissance  Program 
Stationary 

Sea  Surface  Temperature 
Super  Typhoon 
Tropical  Cyclone 

Tropical  Cyclone  Aircraft  Recon¬ 
naissance  coordinator 

Tropical  Cyclone  Model 

Tropical  Depression 

Television  Infrared  Observation 
Satellite 

Tropical  Storm 

Typhoon 

Tropical  Upper  Tropospheric 
Trough  (Sadler,  1976) 

Velocity 

Visual 

Visible 

Western  Pacific 

World  Meteorological  Organization 
Wind 

Weather  Reconnaissance  Squadron 
Extrapolation 

Zulu  Time  (Greenwich  mean  time) 

2.  DEFINITIONS 

BEST  TRACK  -  A  subjectively  smoothed 
path,  versus  a  precise  and  very  erratic  fix- 
to- fix  path,  used  to  represent  tropical 
cyclone  movement. 

CENTER  “  The  axis  or  pivot  of  a  tropical 
cyclone.  Usually  determined  by  wind,  tem¬ 
perature  or  pressure  distribution. 

CYCLONE  -  A  closed  atmospheric  circula¬ 
tion  rotating  about  an  area  of  low  pressure 
(counterclockwise  in  the  northern  hemisphere) 


EPHEMERIS  -  Position  of  a  body  (satel¬ 
lite)  in  space  as  a  function  of  time.  When 
no  geographical  reference  is  available  for 
gridding  satellite  imagery,  then  only  ephem- 
eris  gridding  is  possible  which  is  solely 
based  on  the  theoretical  satellite  position 
and  is  susceptible  to  errors  from  satellite 
pitch,  orbit  eccentricity  and  the  non- 
spherical  earth. 

EXPLOSIVE  DEEPENING  -  A  decrease  in  the 
minimum  sea  level  pressure  of  a  tropical 
cyclone  of  2.5  mb/hr  for  12  hrs  or  5,0  rob/hr 
for  6  hrs  (ATR  1971) . 

EXTRATROP ICAL  -  A  term  used  in  warnings 
and  tropical  summaries  to  indicate  that  a 
cyclone  has  lost  its  "tropical”  characteris¬ 
tics.  The  term  implies  both  poleward  dis¬ 
placement  from  the  tropics  and  the  conversion 
of  the  cyclone's  primary  energy  sources  from 
release  of  latent  heat  of  condensation  to 
baroclinic  processes.  The  term  carries  no 
implications  as  to  strength  or  size. 

EYE  -  "EYE"  is  used  to  describe  the 
central  area  of  a  tropical  cyclone  when  it 
is  more  than  half  surrounded  by  wall  cloud. 

FUJIWHARA  EFFECT  -  An  interaction  in 
which  tropical  cyclones  within  about  700  nm 
of  each  other  begin  to  rotate  cyclonically 
about  one  another.  When  intense  tropical 
cyclones  are  within  about  400  nm  of  each 
other,  they  may  also  begin  to  move  closer  to 
each  other. 

MAXIMUM  SUSTAINED  WIND  -  Maximum  surface 
wind  speed  averaged  over  a  1-minute  period 
of  time.  Peak  gusts  over  water  average  20 
to  25  percent  higher  than  sustained  wind. 

RAPID  DEEPENING  -  A  decrease  in  the 
minimum  sea  level  pressure  of  a  tropical 
cyclone  of  1,25  mb/hr  for  24  hrs  (ATR  1971). 


RECURVATURE  -  The  turning  of  a  tropical 
cyclone  from  an  initial  path  toward  the  west 
of  northwest  to  the  north  then  northeast. 

SIGNIFICANT  TROPICAL  CYCLONE  -  A  tropical 
cyclone  becomes  "significant"  with  the  issu¬ 
ance  of  the  first  numbered  warning  by  the 
responsible  warning  agency. 

SUPER  TYPHOQN/HURRICANE  -  A  typhOOn/ 
hurrica^ne  in  which  the  maximum  sustained 
surface  wind  (1-minute  mean)  is  130  kt  or 
greater , 

TROPICAL  CYCLONE  -  A  nonfrontal  low 
pressure  system  of  synoptic  scale  developing 
over  tropical  or  subtropical  waters  and 
having  a  definite  organized  circulation. 

TROPICAL  CYCLONE  AIRCRAFT  RECONNAISSANCE 
COORDINATOR  -  A  CINCPACAF  representative 
designated  to  levy  tropical  cyclone  air¬ 
craft  weather  reconnaissance  requirements  on 
reconnaissance  units  within  a  designated  area 
of  the  PACOM  and  to  function  as  coordinator 
between  CINCPACAF,  aircraft  weather  recon¬ 
naissance  units,  and  the  appropriate  typhoon/ 
hurricane  warning  center, 

TROPICAL  DEP^SSION  -  A  tropical  cyclone 
in  which  the  maximum  sustained  surface  wind 
(1-minute  mean)  is  33  kt  or  less. 


SMS 

SPOL 

SRP 

STNRY 

SST 

ST 

TC 

TCARC 

TCM 

TD 

TIROS 

TS 

TY 

TUTT 

VEL 

VIS 

VSBL 

WESTPAC 

WMO 

WND 

WRS 

XTRP 

Z 
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TROPICAL  DISTURBANCE  -  A  discrete  system 
of  apparently  organized  convection '—generally 
100  to  300  miles  in  diameter — originating  in 
the  tropics  or  subtropics ,  having  a  non^ 
frontal  migratory  character,  and  having  main~ 
tained  its  identity  for  24  hours  or  more. 

It  may  or  may  not  be  associated  with  a 
detectable  perturbation  of  the  wind  field. 

As  such,  it  is  the  basic  generic  designation 
which,  in  successive  stages  of  intensifica¬ 
tion,  may  be  classified  as  a  tropical  depres¬ 
sion,  tropical  storm  or  typhoon  (hurricane) . 

TROPICAL  STO^  -  A  tropical  cyclone  with 
maximum  sustained  surface  winds  (laminate 
mean)  in  the  range  of  34  to  63  kt,  inclusive. 

TROPICAL  UPPER  TROPOSPHERIC  TROUGH  (TUTT) 
—  ”A  dominant  climatological  system,  and  a 
daily  synoptic  feature,  of  the  summer  season 
over  the  tropical  North  Atlantic,  North 
Pacific  and  South  Pacific  Oceans,”  from 
Sadler,  James  C. ,  Feb.  1976 j  Tropical 
Cyclone  Initiation  by  the  Tropical  Upper 
Tropospheric  Trough.  (NAVENVPREDRSCHFAC 
Technical  Paper  No.  2-76) 

TYPHOON/HURRICANE  -  A  tropical  cyclone  in 
which  the  maximum  sustained  surface  wind  (1- 
minute  mean)  is  64  kt  or  greater.  West  of 
180  degrees  longitude  they  are  called 
typhoons  and  east  of  180  degrees  they  are 
called  hurricanes.  Foreign  governments  use 
these  or  other  terms  for  tropical  cyclones 
and  may  apply  different  intensity  criteria. 

WALL  CLOUD  -  An  organized  band  of  cumuli- 
forra  clouds  immediately  surrounding  the  cen¬ 
tral  area  of  a  tropical  cyclone.  The  wall 
cloud  may  entirely  enclose  the  eye  or  only 
partially  surround  the  center. 


3.  REFERENCES 

Atkinson,  G.  D.,  and  Holliday,  C.  R. ,  1977: 
Tropical  Cyclone  Minimum  Sea  Level  Pressure  - 
Maximum  Sustained  Wind  Relationship  for 
Western  North  Pacific,  Monthly  Weather 
Review,  Vol.  105,  No.  4,  pp,  421-27  (also 
FLEWEACEN  TECH  NOTE:  JTWC  75-1) . 

Dvorak,  V.  F.,  1973:  A  Technique  for  the 
Analysis  and  Forecasting  of  Tropical  Cyclone 
Intensities  from  Satellite  Pictures,  NOAA  TM 
NESS  45,  19  pp. 

Guard,  C.  P.,  1979:  The  Intensity  of 
Recurving  Western  North  Pacific  Tropical 
Cyclones:  A  New  Look.  Unpublished,  33  pp. 
(available  from  NAVOCEANCOMCEN/JTWC,  . 
COMNAVMAR,  Box  17,  FPO  SF  96630). 

Ramage,  C.  S.,  1971:  Monsoon  Meteorology, 
Academic  Press,  253  pp. 

Riehl,  H.,  1971:  Intensity  of  Recurving 
Typhoons,  NAVWEASERSCHFAC  Technical  Paper 
No.  3-71,  11  pp. 

Sadler,  J.  C. ,  1976:  Tropical  Cyclone 
Initiation  by  the  Tropical  Upper  Tropospheric 
Trough,  NAVENVPREDRSCHFAC  Technical  Paper 
No.  2-76,  103  pp. 

Sikora,  C,  R. ,  1976:  A  Reevaluation  of  the 
Changes  in  Speed  and  Intensity  of  Tropical 
Cyclones  Crossing  the  Philippines,  FLEWEACEN 
TECH  NOTE;  JTWC  76-2,  11  pp. 


190 


DISTRIBUTION 


AFGWC  (2) 

.\FGL/Lyu  (2) 

AF  WEACEN  TAIWAN  (3) 

AMER  EMBASSY,  BANGKOK  (5) 

AMERICAN  INST  OF  TAIWAN  (1) 
ARRS/CC  (2) 

AWS/DNT  (5) 

AWS/DOR  (5) 

BUR  OF  MET,  BRISBANE  (2) 

BUR  OF  MET,  MELBOURNE  (4) 

BUR  OF  MET,  PERTH  (1) 

CENWEABUR  TAIWAN  (3) 

CINCPAC  (2) 

CINCPACAF/DOW  (1) 

CINCPACFLT  (5) 

CIUDAD  UNIV,  MEXICO  (1) 

CIVIL  DEFENSE,  GUAM  (4) 

CIVIL  DEFENSE,  SAIPAN  (6) 

CNO  WASHINGTON  DC  (1) 

CNOC  (2) 

COLORADO  STATE  UNIV  (2) 

COLORADO  STATE  UNIV  (LIBR)  (1) 
COMFAIRECONRON  ONE  (VQ-1)  (3) 

COMLOGSUPFORS  EVENTHFLT  ( 1 ) 
COMNAVAIRSYSCOM  (1) 
COMNAVFACENGCOMPACDIV  (1) 
COMNAVFORJAPAN  (1) 

COMNAVMARIANAS  (2) 

COMNAVSURFPAC  (2) 
COMPATRECONFORSEVENTHFLT  (1) 
COMPHIBGRU  ONE  (1) 

COMSC  (1) 

COMS EVENTHFLT  (2) 

COMSUBGRU  SEVEN  (1) 

COMTHIRDFLT  (1) 

COMUSNAVPHIL  (1) 

DDC,  VA  (1) 

DEPT  OF  AIR  FORCE  (1) 

DET  2,  IWW  (2) 

DET  2,  7WW  (1) 

DET  4,  IWW  (2) 

DET  4,  HQ  AWS  (2) 

DET  5,  IWW  (1) 

DET  8,  30WS  (2) 

DET  10,  30WS  (1) 

DET  15,  30WS  (1) 

DET  17,  30WS  (1) 

DET  18,  SOWS  (1) 

DISTAD  MARSHALLS  (10) 

ENVSCISUPGRU  (4) 

ESCAP,  BANGKOK  (5) 

FAA,  GUAM  (5) 

FLENUMOCEANCEN  MONTEREY  (2) 
FLORIDA  SEVERE  WEATHER  NETWORK  (4) 
FLORIDA  STATE  UNIV  TALLAHASSEE  (2) 
GEN  MET  DEPT  THAILAND  (2) 
GEOLOGICAL  SURVEY,  GUAM  (1) 
GOVERNOR  OF  GUAM  (4) 

GUAM  PUBLIC  LIBRARY  (5) 

INDIA  MET  DEPT  (2) 

INST  OF  PHYSICS,  TAIWAN  (2) 

JAPAN  MET  AGENCY  (3) 

JASDF,  TOKYO  (2) 

LOS  ANGELES  PUBLIC  LIBR  (1) 

MAC/HO,  IL  (2) 

MCAS  FUTENMA  (1) 

MCAS  IWAKUNI  (2) 

MET  DEPT  BANGKOK  (1) 

MET  RESEARCH  INST  LIBR,  TOKYO  (2) 
NASA  GREENBELT,  MD  (4) 

NAT  CLIM  CNTR,  NC  (1) 

NATWEASERV  FOROFF,  HONOLULU  (2) 
NATWEAS  ERV  PACREG  ( 2 ) 

NAVAL  ACADEMY  (1) 


NAVEASTOCEANCEN ,  NORFOLK  (1) 

NAVHISTCEN  (1) 

NAVHISTCEN,  DIR  (1) 

NAVOCEANCOMCEN ,  ROTA  (1) 

NAVOCEANCOMFAC ,  JACKSONVILLE  (1) 
NAVOCEANCOMFAC ,  YOKOSUKA  (3) 
NAVPOLAROCEANCEN ,  SUITLAND  (1) 
NAVWESTOCEANCEN ,  PEARL  HARBOR  (2) 

NAVY  ROTC,  TULANE  UNIV  (1) 

NCBC  (1) 

NEPRF  (8) 

NESS/SFSS  (1) 

NHC,  NOAA  (3) 

NOAA/EDS  CORAL  GABLES,  FL  (4) 

NOAA/EDS  WASHINGTON,  DC  (2) 

NOAA/ERL  BOULDER,  CO  (1) 

NOAA/ERL  MIAMI  (2) 

NOAA/HYDROLOGY  BR  SILVER  SPRINGS,  MD  (1) 
NOAA/LIBRARY  ROCKVILLE,  MD  (1) 

NOAA/NESS  WASHINGTON  DC  (2) 

NOAA/PMEL  SEATTLE,  WA  (2) 

NOCD,  AG ANA  (3) 

NOCD,  ALAMEDA  (1) 

NOCD,  ASHEVILLE  (1) 

NOCD,  ATSUGI  (1) 

NOCD,  BARBERS  POINT  (1) 

NOCD,  CUBI  POINT  (1) 

NOCD,  KADENA  (2) 

NOCD,  MISAWA  (2) 

NPGS  DEPT  OF  MET  (3) 

NPGS  LIBR  (1) 

OCEAN  ROUTES  INC,  CA  (2) 

OCEANO  SERVICES  INC,  CA  (1) 

OKINAWA  MET  OBS  (1) 

OLG/HQ  AWS  (1) 

OUSDRE,  WASHINGTON,  DC  (2) 

PAGASA  RP  (3) 

ROYAL  OBSERVATORY  HONG  KONG  (4) 

TAIWAN  UNIV  (3) 

TEXAS  A&M  UNIV  (1) 

TTPI,  SAIPAN  (8) 

TYPHOON  COMM  SECR,  MANILA  (1) 

UNIV  OF  CHICAGO  (1) 

UNIV  OF  GUAM  (2) 

UNIV  OF  HAWAII  DEPT  OF  MET  (3) 

UNIV  OF  HAWAII  LIBR  (1) 

UNIV  OF  ILLINOIS  AT  URBANA- CHAMPAIGN  (1) 
UNIV  OF  MEXICO  (1) 

UNIV  OF  RP  (2) 

UNIV  OF  WASHINGTON  (1) 

USS  BLUE  RIDGE  (1) 

USS  CONSTELLATION  (2) 

USS  CORAL  SEA  (1) 

USS  ENTERPRISE  (1) 

USS  KITTY  HAWK  (1) 

USS  LONG  BEACH  (2) 

USS  MIDWAY  (1) 

USS  NEW  ORLEANS  (2) 

USS  OKINAWA  (1) 

USS  RANGER  (2) 

USS  TARAWA  (1) 

USS  TRIPOLI  (1) 

WEA  SERV  MET  OBS  (2) 

WORLD  WEATHER  BLDG  LIBR  (1) 

IWW/DON  (6) 

3AD/DOX  (1) 

3WW/DNC  (1) 

5WW/DNC  (1) 

30WSQ  (3) 

41RWRW  (2) 

43SW/OI  (1) 

54WRS  (3) 

3350  TCHTG  (1) 


191 


Areas  of  Responsibility  -  central  and  Eastern  Pacific  Hurricane  Centers 


